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A new peak of performance 


E.M.I. OSCILLOSCOPE TYPE WM16 


This is a wide-band, highly sensitive 


instrument of great flexibility and range. 
Compact and convenient to operate, the 
WMI16 makes use of plug-in units to increase 
its flexibility and ease of maintenance. 


MAIN CHARACTERISTICS 
OF THE E.M.I. OSCILLOSCOPE TYPE WM16 4 


Band width DC -40 Mc/s 

Maximum sensitivity 50 mV/cm at full bandwidth 
Time base sweep speed 20 mu. secs/cm —0.5 secs/cm 
Time base delay 1 us-—0.15 secs 

Measuring accuracy + 3% 

Signal delay 0.2 usecs 


Please write for full details to: 


E.M.I. ELECTRONICS LTD - INSTRUMENT DIVISION - HAYES - MIDDLESEX - SOUTHALL 2468 
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——— COVERING 10 MC/S 
TO 40,880 MC/S 
IN ONE UNIT 





Other new POLARAD releases include the 


P.3 Microwave Power Meter, N-! Precision Noise 
Generator (1 Kc/s to 500 Mc/s), Servo Analyzer SV-| 
and other new Spectrum Analyzers, Signal Generators 
and Power Sources. 


1959 Catalogue Digest now available. 


FOR FURTHER INFORMATION PLEASE CONTACT 


SPECTRUM ANALYZER 








B & K LABORATORIES LIMITED 


4 TILNEY STREET, PARK LANE, W.!I. 


TEL: GRO 4567 
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FERRAMICS 


for the 
new angle 











Lj. 
A 
Tio 
Two-segment 
cut-away flared core A 
v4 
ng 
110° scanning is with us and cabinet designers have as many a 
smiles as circuit designers have headaches. | is 
To those concerned with driving electron beams around almost 
impossible angles, these new Ferramic* Scan Coil Cores bring a 
pay ae oll large measure of relief. Desirable electrical characteristics have 


been combined with sound mechanicai design, facilitating the | 
rapid production of coils. 


If you have a wide-angle distortion problem, Plessey most -" 
probably have the answer. A letter or telephone call will bring you os 
information about this, or any of a whole range of Plessey i 
Ferramic* products. Po fee 





Four-segment 
solid flared core 








CHEMICAL AND METALLURGICAL DIVISION ~*~ ‘COMPONENTS GROUP 


Pi THE PLESSEY COMPANY LIMITED - WOOD BURCOTE WAY * TOWCESTER 
essey NORTHANTS * TELEPHONE: TOWCESTER 312 


Overseas Sales Organisation: Plessey international Limited - Ilford - Essex - Tel: Ilford 3040 
# FERRAMIC is a Registered Trade Mark. _ 


@rce 
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THE TREND TOWARDS 





To meet the increasing demand for miniaturisation combined 
with accuracy, we are producing highly stable precision wire- 
wound resistors of minute dimensions to standard specification. 
Please write for further details. 


@ DIMENSIONS #* long by */;,” diameter. Axial leadouts 
20 s.w.g. tinned copper wire 2{” long. 


@ Standard Tolerances set at 20°C.: 1%, 0.5%, 0.25% 
and 0.1% 


@ ANY VALUE can be supplied in the Resist: Range 
100 ohms to 500K ohms. 





@ Rating + watt. 


@ Guaranteed Temperature Coefficient better than 0.002% 
per °C. over the whole resistance range. 


@ Specially selected wire is sealed against humidity in a 
resin which can withstand temperatures of over 150°C. 


@ Precision Component designed and mahufactured for 
consistent accuracy. 


Standard products include 2W, 1W, +W and iw precision 
) 


ppv Seas 
tnea COMPONENTS LTD. 


551, HOLLOWAY ROAD, LONDON, N.19 
Telephone: ARCHWAY 0014/5 
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Sole Manufacturers and Exporters: 
ARDENTE ACOUSTIC LABORATORIES LTD. 
8-12 MINERVA ROAD, NORTH ACTON, LONDON, NWIO Telephone: ELGar 3923 


Suppliers of components and hearing aids to the Government and manufacturers all over theworld 
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We use—and misuse—all kinds of our own 
equipment in our own laboratories. So when we 
design and manufacture for you, we incorporate 

ideas and improvements that are fed back from a 
resident panel of keen critics whose only interest 
lies in getting the best equipment possible for the job 
in front of them. Here are a few of the 
items in which you reap the benefit of 
their influence and experience. 
Stabilised Power Units 
These units are manufactured to tight 
specifications and offer an extensive range of 
stabilised outputs. They incorporate a number of 
additional facilities and are all designed 
for standard 19-in. racking or bench use. 
We'll be happy to send you our latest catalogue 
describing this equipment and giving all the 
essential facts about it for ordering. Make a note 
of these associated Siemens Ediswan products ; 
we invite you to send for literature or fuller 
information about those that interest you: 
Siemens Ediswan Clix Radio and TV Components— 
Valve Holders, Plugs, Sockets, Screening Cans, etc. 
Siemens Ediswan PTFE Insulated Instrument Wire— 
In 11 colours (and with trace). Conforms to 
Sections B & G of Specification 
EL. 1930 Ministry of Supply (Air). 


ELECTRONIC ENGINEERING 








watch 
this space 


this is where you will be fitting your latest item 


of laboratory electrical equipment ; whatever goes here k 
must be above suspicion. So when you come to fill * 
this space, think in terms of Siemens Ediswan.. . 4 


“SIEMENS: 3 er 
Fiigean TE Ros 





Stabilised Power Unit Type R.1095 

Outputs : (1) Continuously variable highly 
stabilised D.C. output between 120 
and 250 volts. Load 0-50 mA. 

(2) Unstabilised centre tapped 6.3 volts 
A.C. supply at 3 amps. 

Stability : 10 volts mains change or 0-50 mA 
load change result in less than 
0.15V change of output which is 
effectively independent of mains 
frequency and waveform. 

Output Resistance: Less than 32 under all conditions. fod 

Ripple: Approximately 2mV R.M.S. with either | 
positive or negative terminal earth. 


Low Frequency Oscillator Type R.2125 


For testing, calibrating and setting up amplifiers, 
vibration recorders, wave analysers and oscilloscopes. 


Frequency Range: 1 c/s—130 Ke/s. 
~ Frequency Accuracy: 2% 





Output: Sinusoidal. Balanced push-pull, 50 
volts p-p. maximum on open circuit. 
Attenuator: 5 x 20dB steps plus 0-20dB 


continuously variable. 
Output impedance:  6002-0-6002. 
Bench or 19-in. rack mounting. 


SIEMENS EDISWAN 
LABORATORY [- 


ELECTRICAL EQUIPMENT | 


SO@in eee SIEMENS EDISON SWAN LTD 


An A.E.1. Company. PD 17, 155 Charing 
f I N Cross Road, London. W.C.2 

JISWA Telephone: GERrard 8660. 
= — Telegrams: Sieswan, Westcent, London. 


crc 17/16 
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. Mechanical vibrations form a part of the daily problems “<4 
mA encountered by innumerable engineers in modern times - jel ° 
: the field of vibration measurement and control ranging z 
z from the production of small electric motors for dome- . 
io) stic purposes to the development of high speed aircraft Z 
PY and missiles. A 
= To enable reliable, quick, and easy measurements, Briel cd 
- & Kjzr have developed vibration measuring systems which > 
de record automatically the frequency-amplitude diagram a ® 

i = of the vibrations directly on pre-printed, frequency ca- x 
i = librated paper. > 
i oe The systems employ the new Lead-Zirconium-Titanate “4 
4 a Accelerometers Type 4310 or 4311 as mechanical-elec- od 
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| “ The Accelerometers Type 4310 and 4311 are small, light, 
~ and rugged instruments which can be mounted in diffe- 
& rent positions with respect to the object under test. 
= They have been developed with special regard to ope- 
ro ration at elevated temperatures, and are available as 
| : complete accelerometer sets, with various practical ac- 
2 cessories, or in packages containing five units. 
S AccelerometerType 4310 features a high sensitivity (around 
‘a 50 mV/g). The frequency range is 2 c/s to 10000 cs. 
& Accelerometer 4311 features a wide frequency range from 7 
“ 2 c/s to 25000 c/s. The sensitivity is around 10 mV/g. - 
Cs La 
| ae Write or phone for further information. ee 
te ) i 
| sg ae) gee eR ee A er FO I, eer ag OY ge a se) ee ee 
ts r 
Adr.: NAERUM, DENMARK - Teleph.: NAERUM 800500 - Cable: BRUKJA, COPENHAGEN 
SALES AND SERVICE: B & K Laboratories, 4 TILNEY STREET, PARK LANE, W.! 
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Accent on the NEW Precision Resistor 


..- PLUG-IN for rapid range changing 


Accuracy, craftsmanship and prompt delivery have made 
the name of Rivlin synonymous with Electrical Precision 
Resistors throughout Industry. Now, skilled design, 
backed by the highest standards of craftsmanship, has 
resulted in an entirely new Precision Wire Wound 
Resistor Type P.201 that can be plugged into an Electro 
Methods type D2 socket. Gold-plated Phosphor 
Bronze pins ensure strength with consistent low ohmic 
contact resistance, whilst the tough resin encapsulation 
will withstand extremes of temperature and humidity. 


RIVLIN 
Doman Road, : 
Camberley, Surrey. 
Tel: Camberley 2507/8 
London Office: 
Tel: Swiss Cottage 3038. 
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Accuracy + 0.1% 


Range 500 to 200 kQ 


Rating 4 watt. Other ratings available to 
special order. 


Temperature coefficient 0.002% per °C 


INSTRUMENTS LIMITED 


ELECTRONIC ENGINEERS 


JUNE 


RIV. 2 


1959 

















JUNE 


1959 


oe caste* 


We’re skating on 


thick ice 





When we say that we can execute your 
orders to the highest standards and in 
the best materials, with uniform quality 
throughout, and deliver them in bulk on 
or before time, we are not just making 
empty claims without the means or in- 
tention of carrying them out. 

Behind these words we have an organisa- 
tion designed specifically to do just this 
and it’s doing just this at the moment for 
the many well known concerns that we 
have on our books. It can do it for you too. 





As supplied, in a special heat resisting 
phenolic material, to The Zenith Carburetter 
Company Limited. 


Metropolitan 
Plastics Limited 


Specialists in thermo-setting plastics 


Glenville Grove, Deptford, London SE8 
Telephone: Tipeway 1172 
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EVERYTHING 
UNDER 
CONTROL < 


..» With VecTrol 


The VecTroL Thyratron Grid Voltage Phase 
Controller is a highly sensitive and efficient unit for 
controlling variable speed drives and electric motors. It 
has many applications in the field of automation and 
process control. 

The unit is compact and robust being enclosed in a 
resin casting. There are no valves and no unstable 
components, so that servicing is completely eliminated. 
Two models are available, LT-V1 for low signal source 
resistances such as motors, and LT-V2 when source 


resistance is high, for example in photo-cell circuits. 





J. LANGHAM THOMPSON LTD. 














BUSHEY HEATH « HERTFORDSHIRE - ENGLAND 
Tel: Bushey Heath 2411 (4 lines). Grams & Cables: ““Tommy Watford”’ 
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a G NEW 


HIGH-SPEED PANEL MOUNTING 
ELECTRO-MAGNETIC COUNTER 


with PUSH-BUTTON RESET 


All the well-tried features of our Type 100 Series Electric Counters are 
incorporated in this new model 
plus—Sealing against dust. 
plus—Large easily-read figures. 
plus—Even longer life expectations at 25 counts per second. 
plus—First wheel graduated 0 to || as optional standard. 


Write for full details. 


ounting Asi coma wh deri 
nstruments Ltd 


COUNTING INSTRUMENTS LTD., 5 Elstree Way, Boreham Wood, Herts. 


on request. 











Tel.: ELStree 1382 (4 lines) 
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Searching for dee right answer 


Data processing continues to play an increas- 
ingly important role in the conduct of modern 
business. Punched card equipment, electronic 
calculators and computers provide more business 
information in less time than any other form of 
office machinery. Users of these methods have 
always known most about their business soonest. 

The widened range of equipment of I-C-T, and its 
integrated technical development, is rapidly opening up 
new fields of application. Choice of I-C-T equipment ranges 
through punched card machines using 21, 40, 80 and 160 


column cards—to small, medium and large electronic 





computers, empleying combinations of punched cards, 
paper tapes and magnetic tapes. 

Determining the optimum method of employing data 
processing equipment is a highly skilled task. I-C-T staff 
are experienced in these matters; their knowledge and 
experience have proved valuable to enterprises of widely 
divergent character and size, from firms employing under 
20 people to corporations of international repute, local 


~ authorities and nationalised industries. They can help you. 


If you think your research, production, marketing or 
financial affairs are capable of improvement there are well 
established reasons for believing that the combination of 
I-C-T staff, equipment and training will provide you with 
the right answer. We suggest you get in touch with us. 


INTERNATIONAL COMPUTERS 
AND TABULATORS LIMITED 


HEAD OFFICE : GLOUCESTER HOUSE, 149 PARK LANE, LONDON, W.1 
TELEPHONE: HYDE PARK 8080 

OFFICES THROUGHOUT THE UNITED KINGDOM AND OVERSEAS 

ALL THE RESOURCES OF HOLLERITH AND POWERS-SAMAS 
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LF, PHASE METER 
ms The"Airmec L.F. Phase Meter Type 206 @ FREQUENCY RANGE: 
siti has been designed to enable measure- prs se we. 
aff ments of gain and phase-shift to be e + 2° from 100 c/s to 20 ke/s 
nd made on four-terminal networks opera- + 5° at other frequencies 
ely ting in the frequency range 20 c/s— @ INPUT: 
der 100 ke/s. 1 mV to IV. 
cal DIFFERENCE IN OUTPUT LEVEL: 
—_ Phase is indicated directly on a six- © Up to 60 db. 
os inch meter having four scales and the @ ATTENUATORs: 
ell gain or loss values are indicated by the Calibrated 50 db step and i. db 
. slidewire attenuators with an 
so umened between two attenuator set- accuracy of + 0.2 db for each 
it tings. 10 db. 
SEND FOR ILLUSTRATED LEAFLET No. 174 
=™ 
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) F\Weaaeteren LABORATORY INSTRUMENTS 











AIRMEC LIMITED - HIGH WYCOMBE °- BUCKS. Telephone: High Wycombe 2060 
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The heart of the matter... 





iu 


FERRANTI LTD - GEM MILL : CHADDERTON : OLDHAM: LANCS * Telephone: MAin 6661 . 


London Office: KERN HOUSE *« 36 KINGSWAY < W.C.2 Telephone: TEMple Bar 6666 
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... the art of the matter 


FERRANTI 


offer the widest range of 


in the United Kingdom 


Ferranti Ltd. were the first company in Britain 
to introduce Silicon semiconductor devices as 
used in magnetic amplifiers, in aircraft, guided 
missiles, radar and computers. Until recently 
they were the only firm in the United Kingdom 
supplying silicon diodes in quantity. Comm- 
encing their programme of research and 
development in 1954, they have already made 
outstanding contributions to technique, and 
are now producing at Gem Mill, Oldham well 
over half-a-million silicon diodes annually 


in the widest range offered by any British 
manufacturer. 

Among the 120 or more different devices 
are rectifiers, fast diodes, zener diodes, tetra- 
layer diodes and triodes, alloy junction 
transistors, diffused junction transistors, photo- 
voltaic cells, voltage variable capacitors and 
many new ones. 

Data Sheets, Application Reports etc., advice 
and assistance in techniques of application 
are freely available. 


FERRANTI 


SILICON 


SEMICONDUCTOR 


DEVICES, 


1959 
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A valuable Aid for 
Industrial Research 


—the simultaneous 
dual-channel recorder 


Advances in magnetic tape recording— 
particularly in the use of twin staggered 
heads—have aroused considerable interest 
among many of those engaged in 

medical, physical, aeronautical and other 
branches of scientific research. 

The Ferrograph Series 3C/FN, illustrated 
here, has been specially developed as the 
result of close co-operation with 

research workers in many industrial fields, 
not only in this country but in 
laboratories throughout the world. 


Besides its normal ability to record and 
playback time pulses on one track and 
intelligence on the other, there are many 
additional applications when comparative 
measurements, stereophonic sound, or, 
indeed, any two activities capable of being 
translated into electrical phenomena (within 
its frequency and phase shift limitations) 

can be recorded simultaneously for future study 
and application. Experience has shown that 
the scope of such an instrument when used 
for Research purposes is almost unlimited. 


Full specification of Model 3¢/FN—which is not 

for domestic use—available on application. 
Illustrated leaflet GA 767, describing all other 
Ferrograph Tape Recorders, will be sent on request. 


The Incomparable werrograph 


BRITISH FERROGRAPH RECORDER CO. LTD .- 


131 Sloane Street - 


London, S.W.I - Telephone: SLOane 2214/5 & 1510 


(A subsidiary of The Ferrograph Company Ltd.) 
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The first ever 
LOW PRICED 






The Siemens Ediswan Beta Tester is the only 
reliable, robust transistor tester manufactured by a famous maker 

and offered at such a low price. If you use or sell 

P-N-P transistors this is the instrument you want for making 
quick, accurate, run-of-the-mill tests—and it doesn’t have to be 

handled with kid gloves. See what it gives you: 

@ Current Gain (8 ora’) read directly off calibrated dial (using audible signal) 

at collector current of 0.5—4 mA. 
Leakage Current measured on meter at fixed collector voltage of 9 volts. 
Quick release terminals connect transistor under test. 
Fully transistorised. 
Die cast alloy case. 
Fastest for all transistor testing (Common emitter conditions). 
PRICE £11.0.0Q. (Terms to Trade and Industry available on request) 


fae SIEMENS EDISWAN BETA TESTER 


EDIS WAN 
—— SIEMENS EDISON SWAN LIMITED (47 A.E.!1. Company. 155 Charing Cross Road, 





London, W.C.2 and branches. Telephone: GERrard 8660. Grams: Sieswan, Westcent, London 
CRC 17/20 
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features 


What makes a down-to-earth engineer say: 


For all its compactness and portability, the SA.20 combines high 
performance and accuracy with quite surprising versatility and LIABILITY ; ti 
simplicity in use. 

Thus, once introduced into a laboratory or production unit, it very MOBILITY ; Site 
quickly earns its keep and its popularity. Its three main functions will 

suggest many applications : These are :— 

1. Frequency measurement from 10 c/s to 100 kc/s. ADAPTABILITY : 


2. Period and time interval measurement from 10 microseconds to 1 second. 


3. Regular or random pulse counting and totalising. ACCURACY : 


Write for full specification. 


RACAL 


RAGAL 1NS TRUMENT S 





WESTERN ROAD, BRACKNELL, BERKSHIRE. Tel: Bracknell 941 Grams/Cables: 





L iM t 


N. ENGLAND AGENT: Farnell Instruments, Ltd., Wetherby Industrial Estate, York Road, Wetherby, Yorks. 


SCOTTISH AGENT: A. R. Bolton & Co. Ltd. 3A St. Vincent Street, Edinburgh. Tel: 
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DA20 


NOW REDUCED TO 
£178 ex works, 
the cheapest 

100 kc/s 
digital counter 
offering so many 


Plug-in units incorpora- 
ng printed circuits. 


Weighs only 32 Ibs. Measures 


14” x 8”. 


Easily usable as tacho- 
meter, with magnetic 
or photo-electric 
transducer. 


+ I count + 005% 


T E D 





RACAL BRACKNELL BERKS 


Tel: Wetherby 2691/2 
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Insulating 


Materials 


TYPICAL PROPERTIES OF COLD-CURE SILASTOMER 


Tensile strength lb./sq. in 450 
Electric strength, on 10 mil sample, } in. electrodes 

at 20°C instantaneous value, V/mil 400 
Permittivity at 1 Mc/s 3-20 
Power Factor, at 1 Mc/s 0-006 


Volume Resistivity ohm. cm. 500 Volts d.c. 1-5x10** 


Write for a sample —on your company letterhead please 
-of either Cold-Cure Silastomer 9160 or 9161. The 
former has a spreadable consistency and the latter is 
suitable for dipping. Silicone Notes K 28 is also avail- 
able listing the properties and applications. 


www/usl00. 
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Cold-Cure Sitiuiianier 





This metal rectifier and audio output 
transformer have been encapsulated 
using Cold-Cure Silastomer which 
provides a waterproof, resilient 
covering for long-term use at tem- 
peratures up to 200°C. 


COLD-CURE SILASFOMER SILICONE RUBBER 


— Needs no heat to cure it. The addition of a catalyst is all that is required to cure at 
room temperature. The curing time may be varied from a few minutes to several hours 
according to the proportion of catalyst added. 

-Possesses the excellent dielectric properties, heat endurance and high thermal 
conductivity associated with silicone rubbers. The material retains its resilience at both 
high and low temperatures and has excellent resistance to weathering and oxidation. 
— Opens up new fields for designers. It can be used by unskilled operators to fill voids 
round lead wires of coils and motors, for impregnating coils, and for other similar 
sealing or potting applications. It is also used for making flexible moulds in which 
epoxide resins are cast. 


*& SILASTOMER IS A REGISTERED TRADE MARK OF MIDLAND SILICONES LTD 


MIDLAND SILICONES 


LTD 





(Associated with Albright & Wilson Ltd., and Dow Corning Corporation) 


first in British Silicones 


68 KNIGHTSBRIDGE * LONDON * SWI * KNIGHTSBRIDGE 7801 
Area Sales Offices: Birmingham, Glasgow, Leeds, London, Manchester Agents in many countries 
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FOR THE FIRST TIME IN BRITAIN 





Ces OC we Ok ee Ok ee a ee Oe, A On OR as 





FIG. |. DERATING CURVE 


A new Dubilier process makes available to the a 
design engineer a power wire-wound resistor 8 
possessing high-grade characteristics which costs 3 80 
no more than an equivalent standard type. The rd 
_Tesistance wire is uniformly wound on a silicone- = 
processed fibre-glass core which is then sealed into s 60 
a ceramic housing. The result is a remarkably § 
stable resistor which is completely insulated except 2 


; , 40 
for the connecting wires. 20 40 60 80 100 120 
AMBIENT TEMPERATURE - DEGREES CENTIGRADE 


PERFORMANCE UNDER OPERATING . FIG. 2. TEMPERATURE RISE/LOAD 


CONDITIONS 


* Resistance change less than 5% after 100 hours at 200 


40°C. ambient temperature and 95% relative 


humidity. 150 


#% Resistance change less than 2% after three times 
normal load for 5 seconds. 


% Resistance change less than 5°% after 500 hours at 


full load in 25°C. ambient temperature. se 


% Resistance change less than 1% and no physical 
effects due to soldering. 


Temperature Rise - Degrees Centigrade 
® 



































0 
0 20 «40 60 80 100 120 
PERCENTAGE OF RATED LOAD 
MAXIMUM TEMPERATURE COEFFICIENT 
BETWEEN — 55 AND +275°C. TYPE PWS PW7 PWI0 
TYPE 0.05% /°C. 0.03% /°C. Wattage 50 7.0 10.0 
Min. Value 0.5Q 0.50 1.0Q 
PW5 0.50 to 2.50 2.52 to 2.0kQ Max. Value 2.0kQ 6.5kQ 10kQ 
PW7 0.52 to 8.00 8.002 to 6.5kQ Length 7" 15/4" 12” 
PWIO 1.02 to 10Q 10 to 10kQ Width and height of all three types are 3” and ''/;.” | 
respectively. | 


DU) it Itt IE 133 Catalogue RI5A available on request. 


DUBILIER CONDENSER CO. (1925) LTD - DUCON WORKS - VICTORIA ROAD ° NORTH ACTON ° LONDON W.3. 
TELEPHONE: ACORN 2241 TELEGRAMS: HIVOLTCON WESPHONE LONDON 
ON 235 
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FERRANTI X-BAND 
FERRITE DEVICES 


















FERRITE SWITCH TYPE 3F 
Frequency 9600 to 9800 mc/s. Peak 
attenuation 30 db min. Insertion loss 
‘5 db max. Power handling capacity 30 
watts. Weight 3 oz. 


FERRITE CIRCULATOR 


A compact three port circulator capable 
of handling 50 kW peak, 50 watt mean. 
It can be pre-set to cover a bandwidth of 
400 mc/s in the 3 cm. band. The magnetic 
field is supplied by permanent magnets. 
The total weight of the component is 
approximately 44 oz. 


FERRITE ISOLATOR 
Type 2F/2. 100 kW peak, 100 watt mean. 
Type 2F/3. 200 kW peak, 200 watt mean. 
Isolation in both cases greater than 20 db 
over a bandwidth of 1000 mc/s with an 


insertion loss of less than | db. 


FERRANTI LTD - KINGS CROSS ROAD - DUNDEE Telephone: DUNDEE 87141 





ESs/T $2 
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Now Ready— 





Planning the Installation 

Tumbler Switch Wiring and 
Applications 

Accessories for Flush Wiring 

Socket-outlet Wiring 

Accessories for Ceiling Wiring 

Lighting and Lamps 

Fixing Methods and Devices 

Protecting the installation 


WIRING ACCESSORIES 




















CONTENTS 


Some Problems of Earthing 
Earthing Equipment 

Wiring for Inspection 
Alternating Current Motors 
Motor Starting Methods 

The Control of Electric Motors 
Motor Control Gear 

Remote Control _ 


CRABTREE 








THE CRABTREE 
ELECTRICAL 
HANDBOOK 


(Third Edition) 


The insistent demand for the CRABTREE 
ELECTRICAL HANDBOOK has now been 
met by an entirely new edition. This deals 
in a practical way, with wiring problems 
and with the application of Crabtree 
products in relation to existing wiring 
“regulations and methods of installation. 
Reference sections have also been im- 
proved and extended. Copies of the 
ELECTRICAL HANDBOOK 
may be obtained from your usual 
bookseller or by using the convenient 
order form below 


7 ACTUAL SIZE 








Installation and Maintenance of 
Control Gear 


Principal Components of 
Crabtree Control Gear 


Reference and Data Tables 


Electrical and Allied Institution 
and Associations 


Electrical Journals and Periodicals 


CRABTREE 


CIRCUIT BREAKERS 


CONTROL GEAR 








To J. A. Crabtree & Co. Ltd., Lincoln Works, Walsall, Staffs. 


Please forward a copy of the CRABTREE ELECTRICAL HANDBOOK for which a remittance of 5/- 


Name 


Address 


ELECTRONIC ENGINEERING 


(Please write in BLOCK letters) 


** Crabtree ’’ (Registered) 


20 





is enclosed. 
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THE 9867 


TRANSMITTING 


TRIODE 


The 5867 is a transmitting triode with a maxi- 
mum anode dissipation of 250W. It can be 
operated at full ratings up to 100 Mc/s, and at 
reduced ratings up to 150 Mc/s. Natural cooling 
is normally sufficient for frequencies up to 30 
Mc/s, but at higher frequencies it may be 
necessary to direct one air flow on to the anode 
seal and another on to the base and thence over 
the bulb. For full electrical and mechanical de- 
tails and for tables of typical operating condi- 
tions, please write to the Company. Details of 


any of our large range of valves will be sent on 





request. 

This valve is 

EQUIVALENT eminently 
TYPES :— suitable for 
ibis RF heating, 
TB3/750 ; 
CV1350 both dielectric 
and induction. 














ENGLISH ELECTRIC VALVE (0. 


JUNE 1959 
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"ENGLISH ELECTRIC” 





LTD. TE) 


Chelmsford, England 
Telephone: Chelmsford 3491 
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Miso Heasden says 
atu dees wet know 
what a rsestOr ts 


" Electrothermal ¥ 





ate should ash us... 
we hnow quite a lot 
olrout: them 





wire wound resistors 
by 


Flectrothermal 





WRITE FOR CATALOGUE No. 330/K 
ELECTROTHERMAL ENGINEERING LTD., 270 NEVILLE ROAD, LONDON €E.7. 
Telephone: GRA 9911. Telegrams: Electrotop London. 
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when angling for an idea... 


————— 


. » . many ingenious plans are hatched. But here’s the best and the simplest of them all— 


WHENEVER YOU CAN, CALL IN BRAYHEAD. 


There'll be plenty of opportunities to follow this sound advice, for we have a versatile team 











of perfectionists, who provide components for the Electronic and Engineering Industries. 


We design and manufacture all spring components, pressings, clips, the most advanced 


type of TV. turret tuner unit and the famous ‘Metpaks’ shock absorbers. 








All are made to exacting standards and offered at such realistic prices that leading indus- 


trialists specify Brayhead every time. 


BRAYHEAD 


FULL VIEW WORKS + KENNEL RIDE + ASCOT + BERKS 
Telephone: Winkfield Row 427/8 or Ascot 1907/8/9 
Telegrams: Brayhead Ascot 
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EXTRA HIGH 
SENSITIVITY 


instrument tube 5CLP1 





ABRIDGED DATA 

This is tentative. Final data is being prepared. 
| 5-inch flat faced 

| precision oscillograph tube SCLP1. 


THE FIVE-INCH instrument tube 
SCLPI has a deflection 
sensitivity of 1.7V/cm with 

a useful Y scan of 6 cm. 

A special system of shielding 
the post deflection field from 
the deflection plates in this 
tube allows p.d.a. ratios as 
high as 15 to | to be used 
without pattern distortion. 
The extraordinary deflection 
sensitivity achieved with such 
high p.d.a. ratios profoundly 
affects oscillograph design. 
Bandwidths can be increased, 
amplifiers simplified and power 
supply requirements reduced. 
Write to the address below 
for full details of ‘ Etel’ 
Instrument Tube type SCLP!. 


















| CAPACITANCES 
hiw% ... .. aser 
"740 Ys... .. 2.0 pF 


One X plate to all other electrodes 

less other X plate 4.0 pF 
One Y plate to all other electrodes 

less other Y plate 2.0 pF 


COMPARE CONDITIONS 

SHOWN IN DATA 

1 and 2 

to see how deflection sensitivity is maintained 
over range of Va4 and Vas. 
1 and 2 with 3 

for an illustration of a slightly lower sensitivity 
condition giving higher brightness. 
2 and 4 
for the reduction required in Va4 potential to achieve 
higher writing speeds. 


* P.d.a. ratios of 15 : 1 possible without TYPICAL OPERATING CONDITIONS 


pattern distortion. 1. 2. 3. 4. 
Vas 10kV 15kV 15kV 15kV 
* Sensitivity 1.7V/cm with useful Y scan of 6 cm. Vas 10kV 15kV 15kV 3kV 
* Sensitivity substantially independent of Va3 1kV 1kV 1.5kV  I1kV 
final p.d.a. voltages from 10 to 15 kV. Va2 for focus 250V 250V 375V 250V 
Vai 1kV 1kV 1.5kV  I1kV 


* High resolution—only 200 mV for a deflection 


of one spot-width. Vg for cut-off -60V -60V ~90V -60V 


ooo {7 Soe 1.7V/em 2.5V/cem 2.5V/cm 


* Versatility—by simply altering one potential the sensitivity tx 7V/em 7V/cm 11V/cm 11V/cm 
S5CLP1 may be converted from a very sensitive tube Line width Imm Imm <imm <imm 
to a higher writing speed tube—pulses may be first Useful y 6cm 6cm 6cm 4cm 
examined and then a single shot photograph taken. screen area { x 10cm 10cm 10cm 6.6cm 








Regd. Trade Mark § 


CATHODE 
RAY TUBES 


ELECTRONIC TUBES LIMITED 


KINGSMEAD WORKS - HIGH WYCOMBE 
BUCKS - TEL: HIGH WYCOMBE 2020 





ETL 10 
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the magnetic recording 
tape with the highest 
technical standards 


* High sensitivity 

* Low noise level 

* Low ‘print through’ factor 
* Anti-static 


* Freedom from curl 


and stretch 





GENERAL 
PURPOSE 


































| Price 
Length Price in é 
~ Title Size pense EMICASE oncans 
883 . |) 3” dia. 175’ = 7 6 
99/3 ‘aaa 3” dia. 250’ - 9 6 
88/3N 3)’ dia. | 175’ oss 765 
99/3N 3}” dia. | 250’ - 9 6 
88/6 \ Junior” 5° dia. 600’ | £1 3 6 | £1 1 0 
99/9 5" dia. 850’ | £110 6| £1 8 0 
88/9 \ Continental” 5}’dia.| 850’ | £110 6| £1 8 0 
99/12 53’ dia.| 1200’ | £117 6 | £115 0 
88/12 |) .. . | dia. | 1200 | £117 6 | £115 0 
99/18 } annette 7’ dia. | 1900 | £212 6 | £210 0 
88/18 \ Professional” 81” dia. | 1750’ a £217 6 
99/24 81” dia. | 2400’ o £312 6 
Esra icase 


now available separately! 


the polystyrene container that solves 
tape storage problems, protects spools 
from dust and allows easy identification 
of leader tapes. 


7’—4s.0d; 53”—3s.6d; 5” —3s. 6d. NavES . mooceeen 


Tel:SOUthall 2468 esiasas 


S:mM@-§ SALES &€ SERVICE’ LTO 
(Recording Materials Division) 
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We’re old hands at straightening out relay problems. 

After all, we’ve been designing and making them for 
years (over 50 in fact)—big ones, little ones, sensitive 
ones, general purpose ones; open, dust protected and 
hermetically sealed, high current, low capacitance, high 
*g’—in fact the lot. 

We admit that we can’t always come up with the 
answer off the shelf—who can with daily developments 














Here are a few of our current miniatures 








in electronics, radar, airborne equipment, nucleonics, 
reactor instrumentation, etc.? But all of these industries 
are continually finding Ericsson relays the perfect answer 
to their problems. 

If you are stuck with a very special project and are 
behind schedule, let us lend you an expert hand. 

Help us to help you—give us as much information as 
possible, for an early solution. 

















TYPE 2 RELAY 


G.P. RELAY MGL RELAY 








POLARIZED RELAY 
Versatile, sensitive 
and stable. Available 
with one or two 
change-over contacts. 
Dust cover or her- 
metically sealed. Long 
or short frame models. 


TYPE 1A RELAY 
Highly sensitive — 
non-polarized type 
with balanced moving 
system for high ‘g’ 
performance... Her- 
metically sealed. With 
one change-over. 


General purpose type 
with balanced mov- 
ing system. Normal 
and heavy duty con- 
tacts up to 4 change- 
overs. Hermetically 
sealed. 


For general purpose ap- 
plications. Multi-contacts 
up to 4 units. Open, dust 
cover or hermetically 
sealed with normal, 
heavy duty or low capa- 
citance contacts. 


Full details of these and other relays can be obtained from: 


Specially designed for 
electronic and nu- 
cleonic applications. 
One change-over con- 
tact. Fits B7G base. 
Also available with 
metal can. 





ELECTRO-MECHANICAL DIVISION 
BEESTON - NOTTINGHAM - ENGLAND 


ELECTRONIC ENGINEERING 


ERICSSON 
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Ericsson Telephones Limited 
Head Office: 22 Lincoln’s inn Fields 
London, W.C.2. Tel. HOLborn 6936 
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GERMANIUM JUNCTION RECTIFIERS 
— finned bridge units 





























A.C. INPUT D.C. OUTPUT OVERALL 
TYPE max. r.m.s | max. voltage | max. current | LENGTH 
volts (per phase) volts amperes inches 
GA31-A 140 125 2-0 at 40°C 34 
us | GA4I-A 53 47 2-0 at 60°C 3 
< | GASI-A 210 187 2:0 at 40°C 3 
= | GAGI-A 106 94 2-0 at 60°C 34 
: GAS2-A 340 303 2-0 at 40°C 5 
GA62-A 170 15! 2-0 at 60° 
The well-known range of z oiiein an a“ ad : ae ‘ 
° ° ° 2 ‘O at 
BTH germanium junction GA63-A 254 227 2-0 at 60°C 64 
rectifiers is now available -— 2 a — saa 
made up into convenient | 2 pi 53 71 3.0 at 55°C 
bridge units ready for in- | Z | GBS5I-A 210 283 3-0 at 35°C 
corporation in your equip- | ui | GB6!-A 106 143 3-0 at 55°C 
ment. = | GB52-A 340 458 3-0 at 35°C ¢ 
- | GB62-A 170 229 3-0 at 55°C 6 


























BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO., LTD., LINCOLN ENGLAND 
an A.E.| Company A5184 
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DONOVAN 





A.C. POWER RELAYS 
WITH 2, 4, OR 8 POLES 


Any pole can be supplied “Normally-open”’ 
or ‘“Normally-closed’’; double-break main 
contacts rated at 10 amps. 550-volts max- 
imum. One or two auxiliary change-over 
contacts can be added in addition to main 
poles. Tractive ‘coils available—6 to 550- 


volts A.C. 


The relay, when open style, is supplied with 
back fixing plate suitable for mounting on 


insulation or steel panels, or in metal cases. 


















| @ 2-pole Open Style 
{ Relay with two 
changeover coil 
circuit contacts. 





@ 8&pole Open Style Relay with 
one changeover coil circuit 
contact. 





@ 4-pole Enclosed Relay. 


THE DONOVAN ELECTRICAL CO. LTD. 
78-82 GRANVILLE STREET - BIRMINGHAM | 


LONDON DEPOT: 149-151 YORK WAY, N.7 


GLASGOW DEPOT: 22 PITT STREET, C.2 


Sales Engineers available in LONDON, BIRMINGHAM, MANCHESTER, GLASGOW 


BELFAST, BOURNEMOUTH 
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Take the Right Route te 


This is a section of a typical template used on e € un p | A P = 
the Wiedemann RA. 41P with pantograph Poe Ci Ay f 
table specially designed for the longer runs. Se a io e 


All the template holes are }” diameter 


irrespective of the size or shape of the openings i 
in the job. Holes for similar openings are 
connected by coloured ‘routes’. Following 7 


each route the operator engages a movable 
stylus in each successive template hole. As 


i 
the stylus is moved the work follows. When BRITISH 


the last hole is reached the operator indexes 


the turret to the next position and starts on the 
next ‘route’ ensuring the least number of work 
and turret movements. 


Standardised tooling and rapid work TURRET PUNGH PRESSES 


positioning can save you 60% to 
90% on short run piercing jobs. 


Want proof? Send drawings for time studies and ask for brochure EE/159 











DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 


Telephone WESTERN 8077 (8 lines) Telegrams ACCURATOOL HAMMER LONDON 
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luminescents 


CATHODIX =~ 


8,000 | 











in any desired colour 





CATHODIX C 200 
C 300 


PRO 
>zy 
S 





10.000 
with the best | brilliance 


adhesion 





granulometry 


‘ 


UCLAF : U.K. distributors for selling agents: 
F. W. BERK & Co. Ltd., Berk House, Portman Square, LONDON, W.1 
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ore ($ alev. stabilized 


d.c. supply at 4 amps 
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How to obtain high current H i 
constant voltage D.C. supplies ? i 
You could use cumbersome batteries, with i : 
their need for constant attention, but it is = d 
far simpler and certainly more reliable to use H 4 
one of the new ‘Advance’ Constant A / SG 
Voltage D.C. Supply Units. Eight standard oeenes 4 HY 
models are now available as listed, but if you ri DLE, 
have requirements outside this range our Technical Sg :// 
Representatives and Engineering Department 
are at your service to help you. 
These new D.C. Supply Units .... 
ide HIGH CURRENT OUTPUT AT LOW COST 
piiaigeag s TYPE | OUTPUT RATINGS NETT PRICE 
@ Are SMALL IN SIZE AND WEIGHT FOR VA OUTPUT — 
: DC/6/1.25 6 volts 1.25 amp £15 
@ Have HIGH ENERGY RESERVOIR, thus are suitable DC/6/4 6 volts 4.00 amps £25 
for pulse, intermittent or variable loads DC/12/1.25| 12 volts 3 mae £20 
e Operate with HIGH EFFICIENCY DC/12/4 12 volts 4.00 amps £30 
DC/24/1 24 volts 1.00 amp £25 
DC/24/5 24 volts 5.00 amps £45 
DC/48/1 48 volts 1.00 amp £35 
DC/48/4 48 volts 4.00 amps £60 
































CONSTANT 
VOLTAGE 





Dp.c. POWER SUPPLIES 


Full technical details available in Leaflet M 59 


GD.77 Advance COMPONENTS LIMITED - ROEBUCK ROAD - HAINAULT - ILFORD - ESSEX - TELEPHONE: HAINAULT 4444 
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The immense variety of contact arrange- 
ments and switching sequences possible on 
Austinlite rotaries is well-known. Some of 


H it 
the other variables are not. Handles, for 


instance: look at these. The large switch 
0 U r has a standard handle. The others are: 




















6) SY 1* Pistol Grip 
Choice is a 2 Machine Tool 
matter of | 9 castell key 
preference or 
| matching (removable) for safety 
and interlock 
Wa y s 4* Precision Lock and 
: Key (P.E.L.) 
fs be soa 5* Metal with Yale-key 
lock (W.B.) 
6 Padlocked switch 





*Metal handles may be plastic covered in 
different colours for identification or to 
match a panel. 


All these were at one time specials, fitted 
for a particular customer. They are now 
standard variants—a few amongst many, 
and we are always prepared to make more 
to suit a particular job. So it is with most 
of the details of these switches which 
are built up from standard 

parts to do your job 
your way. 

















| 
7hustinlite ROTARY SWITCHES 


CUSTOM-BUILT by STONE-CHANCE LIMITED 


(Makers of Sumo Pumps and Stone-Chance Lighthouses) sur 


AUSTINLITE LIMITED - CRAWLEY - SUSSEX 
LONDON OFFICE - 28 ST. JAMES’S SQUARE, S.W.1 
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3 BIG FACTORS 


whece [-man [windings are concerned 


mechanical strength 














These are three good reasons why BICC Enamelled Winding Experienced engineers of the 
Wires are ideal for small windings. In addition, coverings are BICC Technical Advisory Service 
flexible, strongly adhesive to conductors and resistant to are always ready to assist 

heat and damp. you in the selection of 
For full details, write for BICC Publication No. 303. We the right winding wire for 
will be glad to send you a copy. your purpose. 








1 Coil for Amplivox miniature 
| magnetic earphone wound with 
} ‘001 inch enamelled wire. 






2 Telephone Relay Coil wound 


with 6,900 turns of ‘0036 inch (OIL- BASE) ENAMELLED 


enamelled wire. 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 
21 Bloomsbury Street, London, W.C.| 





3 Field Coil for motor car 
dynamo wound with 280 
turns of ‘030 inch enamelled 
wire. 
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Transistorized Power Units 


HIGHLY STABILIZED OUTPUT 
VERY LOW OUTPUT IMPEDANCE 
VERY SMALL RIPPLE CONTENT 























MODEL 1328 LABORATORY POWER UNIT 


Model 1328 provides a continuously variable output monitored by two 
front-panel, mirror-scale, voltage and current meters. It is eminently suit- 
able for use in the design stage of transistor circuits where a power supply 
of high purity is essential. 


Output: 0-30V at 1A. 


MODELS 1326 & 1329 LOW VOLTAGE POWER UNITS 


The 6V Transistorized Power Unit Model 1326 is an ideal supply for transistor d.c. 
amplifiers, transistor pulse-technique circuits and filaments of thermionic valve 
amplifiers, particularly in low-level microphone stages. 


MODEL 1326 MODEL 1329 
Output: 6V at 0-2A, Output Voltage: Continuously variable 5V-10V. 
Output Current: 0-1A in range 5V-9V 


0-0.5A at 10V. 


(chassis mounting) 


MODEL 1327 BATTERY ELIMINATOR 


The Battery Eliminator Model 1327 has been designed primarily to power the 
Cossor Pre-amplifiers, Models 1430, 1434 and 1440, but it can be used in many 
other applications requiring a power unit to provide high and low tension supplies. 


L.T. Supply: Output 6V-6.5V at 1.7A. 
H.T. Supply: Output 120V at 15mA. 


Please send for the latest Cossor Catalogue or ask for a representative 
to call and discuss your special requirements. 


COSSOR INSTRUMENTS LTD 


The Instrument Company of the Cossor Group 


COSSOR HOUSE, P.O. BOX 64, HIGHBURY GROVE, LONDON, N.S. 


Telephone: CANonbury 1234 (33 lines). Telegrams: Cossor, Norphone, London. Cables: Cossor, London. Codes: Bentley’s Second. 
TAS/CI.18 
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New oscillograph 1059 








* TRUE 


DOUBLE-BEAM 
OSCILLOGRAPH 


True double-beam—i.e. both 
beams use a common x-axis and 
: there is no beam switching. 


CATHODE-RAY TUBE 

Cossor 4 in. (10 cm.) double-beam, p.d.a., 
type 93D with green fluorescence, operating 
with overall accelerating potential of 3 kV or 
6 kV. 


Yi AMPLIFIER 

1 c/s to 10 Mc/s (30% down). 

Rise-time : 0.04 usec. 

Output deflection : 6 cm (4 cm at 10 Mc/s). 
Sensitivity : calibrated 100 mV/cm to 10 V/cm. 
Sensitivity control : in steps 3:1 and 10:1 with 
continuously variable intermediate control. 
Input Attenuator impedance: 1.2 MQ and 
65 pF. 


Y2 AMPLIFIER 


Identical with Y1 amplifier. 


SIGNAL DELAY 
200 musec approximately. Not more than 
10 musec differential between channels. 


PRE-AMPLIFIER (2) 

Gain 10. 5 c/s to 200 kc/s (30% down). 
Input Resistance: 3 MQ). 

One for Al amplifier, the other for A2 or X 
amplifier. 


ADVANCED 


PROBES (OPTIONAL EXTRA) 


Frequency-compensated “L’’ attenuator. 
Input impedance: 6 MQ and 15 pF. 
Insertion loss: 10:1. 


TIME-BASE 


Triggered. 

Range: 0.03 psec/cm to 15 msec/cm in eleven 
steps. Triggered from positive or negative 
signals derived externally or from YI 
amplifier. 

Sensitivity: pulse—1l cm. deflection or 2 V 
external. Sine wave—2 cm deflection or 2 V 
r.m.s. external at frequencies up to 5 Mc/s. 
Expansion amplifier, continuously variable 
gain up to 5 times. Time-base output avail- 
able at front panel on slow speed ranges. 
Delayed time-base: continuously variable 
delay 2 psec to 150 psec. Delay jitter not 
greater than | part in 1,000. Sensitivity pulse 
—1I cm deflection or 2 V external. 


X AMPLIFIER 

10 c/s to 750 ke/s (30% down). 

As time-base amplifier : continuously variable 
expansion up to 5 times. 

As independent X amplifier: sensitivity vari- 
able from 1 V/cm to 100 V/cm in 5 ranges. 






CALIBRATION 


Voltage measurement: internal calibrating 
voltage (square wave) referred through sensi- 
tivity control of the amplifiers. Accuracy - 3%. 
Time measurement: by directly calibrated X 
shift control (+5%) and/or by 20 musec( + 3%) 
black-out pips (for accurate measurement of 
rise-time). 


POWER SUPPLY 

Mains: 100 V to 130 V and 200 V to 250 V. 
Frequency : 50 c/s to 100 c/s. 

Consumption : 550 W. 

Internal supplies are stabilized where neces- 
sary. 


SIZE AND WEIGHT 


Height: 174 in. (43.2 cm). 
Width: 12 in. (30.5 cm). 
Depth: 243 in. (62.9 cm). 
Weight: 80 Ib. (36.3 kg). 
ACCESSORY 


Camera Model 1428. 


COSSOR INSTRUMENTS LTD 


The Instrument Company of the Cossor Group 


COSSOR HOUSE, P.O. BOX 64, HIGHBURY GROVE, LONDON, N.5. 


Telephone: CANonbury 1234 (33 lines). 
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Telegrams: Cossor, Norphone, London. 
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Cables: Cossor, London. 


Code: Bentley’s Second. 
TAS/CI.11 
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* FAST | 
| * ACCURATE 
| * SMOOTH | 
| * RELIABLE 


* UNAFFECTED 





FLASH! 


semi-conductor stabiliser for powering Si transistors etc — 


type DC. 84 0-72 volts at o-1.5 Amps forced cooling 
for use in the rack provisional data now out 


| 
| 
| 
} 
| 
| 
} 
| 
i 
Dead shorts and arcs half an inch long will not hurt our new | 
| 
| 
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A new range 


of Transformers 
and Ghokes 

for Transistor 
Applications 




















SILICON 
ALLOY 
TRANSISTOR 
oc20O01 





















...a higher @ version of the 
recently announced OC200 


The new Mullard silicon alloy transistor OC201 is similar to the recently introduced OC200, 
but with the average current gain increased from 20 to 30 and the minimum fa increased 
from 0.5 to 2 Mc/s. 

Like other transistors in the silicon alloy range now being introduced by Mullard, the 
OC201 has a low bottoming voltage and all the advantages of the well-known OC71 germanium 
series. In addition these silicon transistors feature a low collector leakage, reduced noise 
figure and high permissible operating temperature. 

The maximum collector voltage of the OC201 is 25V, but its low bottoming voltage 
allows it to be operated from supplies as low as 1.2V. The linearity of current gain with 
collector current is well-maintained up to 50 mA. 

The 2 Mc/s cut-off frequency and high permissible junction temperature rating of 150°C 
of this silicon transistor enable it to be operated at relatively high frequencies with a power 
dissipation of 100mW at 100°C. 

The OC201 is now being put into large scale production and designers can depend on it 
to remain available for many years as a standard transistor. Write on your company 
notepaper to the address below for complete data. 


ABRIDGED DATA 
NRE OOS EN MR 
SILICON P-N-P ALLOY JUNCTION TRANSISTOR 0C201 


5 
| 
L 
} 
G 
! 
N 


Tjunction Ba ai _ ... 7-05 to +150°C «’ (or) spread... 0 — ... 20 to 80 
Veb (pk) max. ... pas ies .. —2V Vee (Ie=7mA, Ip=1mA) 7 .. 100mv 
Veb Max. (av. or d.c.) oe .. —25V 

ic (pk) max. 50 mA Average noise figure ec ta .. 6dB 

Ig max. ... as ve ae .. 50mA pb’ 


Mullard 


semiconductor 
division 








MULLARD LIMITED - SEMICONDUCTOR DIVISION 
MULLARD HOUSE - TORRINGTON PLACE 
LONDON .- W.C.1 - TELEPHONE: LANGHAM 6633 



















: : . . tuning condenser, two valves and crystal, is 
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X marks the spot 


The Venner Electronic Marker Buoy for the 

recovery of caught whales contains a radio 

transmitter and coding unit, by means of which 

the call sign of the buoy and a continuous signal 

for direction finding purposes are radiated at 

regular intervals. To enable it to withstand 

the conditions imposed by use in Antarctic waters, 

i the complete transmitter, with the exception of 


OP aepew « 















: _-- encapsulated in Araldite epoxy resin. This material 
: “| _, *_ is outstanding for its adhesion to metals, 
‘ _ ceramics, etc. and for its excellent dielectric 
: " properties. it provides permanent protection against 
ee ae oe mechanical shock, damp, extremes of 


ae. climate and micro-biological attack. 






Araldite epoxy resins have a remarkable range of characteristics and uses. 


They are used * for producing patterns, models, jigs 
and tools The photograph, showing the Venner Mark Il 
Whaling Buoy, is reproduced by courtesy of 
Venner Electronics Limited 


* for casting high grade solid electrical 
reais ag otiiee * as fillers for sheet metal work 
* as protective coatings for metals, 


* for impregnating, potting or sealing wood and ceramic surfaces 


electrical windings and components i 
* for bonding metals, porcelain, 


* for producing glass fibre laminates ceramics, etc. 





may we send you full descriptive literature 


Araldite epoxy resis 





Araldite is a registered trade name 





CIBA (A.R.L.) LIMITED Duxford, Cambridge. Telephone: Sawston 2121 


AP.372 
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Rapid, 
high-quality 









photoprinting 


and no ventilating system required 


The Ilford AZOFLEX Model 246 Combine printing 
and developing machine (formerly known as Model 
46/35) is designed for use in the print room of the large 
drawing office. It does not produce unpleasant fumes 
and special ventilating systems are thus unnecessary, 
making it a simple matter to move the machine to a A 
new position at any time. 





x 


@ Exposure, development and print 
delivery synchronized for simplicity 
of operation. 


®@ All controls conveniently located for 
rapid, effortless adjustment. 


@ Pneumatic-assisted handling of 
originals and sensitised material to 
obviate fatigue. 


® Complete design co-ordinated for 
exceptionally high potential output. 


® Excellent mechanical layout giving 
silent, vibrationless running. 


® Comprehensive maintenance service 
available at nominal cost. 


Capacity: rolls and cut sheets up to 42 in. wide. 
Printing speed: from 2 ft. to 30 ft. per minute. 
Lamp: H.P.M.V. quartz, 3,000 watt. 
Dimensions: height, 58 in., width, 72 in., depth 
(tray extended) 80 in. Weight : approx. 1,400 Ib. 
Subject to certain conditions, the majority of 
AZOFLEX phetoprinting machines can be hired 
as an alternative to outright purchase. 


ILFORD 


PHOTOPRINTING MACHINES & MATERIALS 


Full details from 
ILFORD LIMITED, INDUSTRIAL SALES DEPT.AZ18G 
ILFORD, ESSEX. TELEPHONE: IL Ford 3000 
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BERCOSBPT 


VOLTAGE \STABILIZERS 


28 STANDARD SIZES 
developed during the past 12 years 
covers most applications 


from 1tolOO kVA — 


BRITISH POWER TRANSFORMER CO LTD 


(in association with) 
BRITISH ELECTRIC RESISTANCE CO LTD 


QUEENSWAY ENFIELD MIDDLESEX Telephone: HOWard 2411 
7A 
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the name to remember for 


INDUSTRIAL TYPE 
TRANSISTORS 


BIDIRECTIONAL GERMANIUM TRANSISTORS 
(Effectively symmetrical in significant parameters) 


TYPES TK 20 B, TK 25B 

For high frequency switching circuits (8 Mc/s and 
above with the TK 25 B), or small signal amplifi- 
cation. 

TYPES TK 21 B, TK 24B 


For intermediate frequency, high voltage switching 
circuits, or small signal amplification. 


ASYMETRICAL GERMANIUM TRANSISTORS 


TYPE TK 23 A 

For general purpose low and_ intermediate 
frequency applications, and telephone and tele- 
graph carrier systems. 

TYPE TK40A 

For audio and intermediate frequency oscillators 
and amplifiers requiring high gain and a power 
output of several hundred milliwatts. 


SILICON TRANSISTORS 


TYPES TK 70 A, TK71 A 

For amplification, switching and _ control in 
extremes of ambient temperature; and having 
excellent saturation characteristics at high col- 
lector currents, unusual in silicon transistors. 


oe ie a 
Standard Telephones and Cables Limited 









































COMPONENTS 
GROUP Registered Office: Connaught House, Aldwych, London, W.C.2 


TRANSISTOR DIVISION: FOOTSCRAY - SIDCUP - KENT 
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TAKE A PAGE FROM™ 






Gb2 
ELECTRONIC ENGINEERING ad 


This book deals authoritatively with 


the ‘how’ and ‘why’ of Constant Voltage Trans- 
formers. It lists the present ‘Advance’ range and 
tells of the unique technical advisory service now 
available to you. If you have any problem involving 
a.c. voltage stabilization the chances are that the 
answer will be found in this book. Send for a copy 
today. Please use the coupon. 





CONSTANT VOLTAGE 
TRANSFORMERS 











To ADVANCE COMPONENTS LIMITED 
ROEBUCK RD., HAINAULT, ILFORD, ESSEX 


Please send me a copy of your booklet 
** Voltage Stabilization” by Advance 


i, hos 
POSITION PR ee. ree 
COMPANY ... 


ADDRESS ne nen 


M22 WW $}-— 


Advance COMPONENTS LIMITED. Mains Stabilization Division. 
ROEBUCK ROAD . HAINAULT . ILFORD . ESSEX . TELEPHONE: HAINAULT 4444 
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Shock Tests up to 10006 





The reliability of the Brimar 
‘T’ range of valves has been 
‘built in’ as the result of a 
continuous process of 
rigorous examination and 
testing. One of these tests 
is illustrated. Valves are 
placed inamachinespecially 
designed to simulate the 
effect of gun shock and 
rocket boosts where any 
structural fault will mean a 
defective valve. The inform- 
ation derived from this and 
other tests on valves for 
special applications is used 
to improve manufacturing 
techniques on commercial 
types. Which makes Brimar 
the obvious choice when 
the demand is for a reliable 


valve. 





better make it 






RIMA 





Standard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London, W.C.2 


COMPONENTS 
GROUP 







VALVE DIVISION: FOOTSCRAY - SIDCUP - KENT - FOOTSCRAY 3333 
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The Long and the Short 

















Of 


WAVEPREX 
FLEXIBLE AND TWISTABLE WAVEGUIDES 


GABRIEL MANUFACTURING CO. LTD. 


Newton Road, Torquay, Devon. Telephone: Kingskerswell 3333 


MEMBER OF THE TECALEMIT GROUP OF COMPANIES 
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and the 12-feet tall 


For Microwaves 

Yes—the newest recruit to the WAVEFLEX 
range of flexible waveguides is a WG 16 guide 
12 feet in length, specially produced to meet a 
customer’s requirements. 


These guides are produced under exacting 
scrutiny and tested to rigorous Government 
specifications. Losses due to attenuation and 
Standing Wave Ratio are well within the 
limits set. They are entirely suitable for use in 
pressurised systems, remain stable when bent or 
twisted, and are unaffected by extremes of 
temperature. Power handling characteristics 
are excellent, and performance covers a broad 
band. ‘“Type approval”’ has been given by the 
Royal Radar Establishment and by the 
Admiralty. 


Waveflex Flexible Waveguides 
are of three types 


Non-twistable 

Flexible in the and 8 planes. 

Twistable 

Twistable about the longitudinal aris, as well 
as being flezible in the Eand 8 planes, 
andthenew ~ 


Premoulded Twisted 

Flezible in & and 8 planes with a built-in 
longitudinal ‘twist’ which relieves strain on 
end flanges. 


Standard lengths range from 1 %” to 36”. All 
guides can be supplied with any standard type 
of flange, or special flanges made to your design. 
The many short (under 6”) guides are 
particularly useful as malalignment units and 
mechanical decouplers. 


Wherever wave transmission involves 
directional change or vibration, and 
movement will be encountered, WAVEFLEX 
Flexible Waveguides offer the complete 
solution. Present production embraces WG 10, 
WG 10a, WG 15 and WG 16 but planned extensions 
to other bands are already under way. 
Enquiries are particularly invited for the 
twistable, the premoulded twisted 

and the new twistable WG 22 Waveguides. 
Write now for full technical details. 
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ee 


SUPPRESSION CHOKES 





used in all the major airliners including 
the COMET, VISCOUNT and BRITANNIA 


With the greater use of radio and navigational aids on ships and aircraft, it 


is increasingly important to suppress interference likely to arise from other 
electrical equipment which is also an inseparable part of modern transport. 
S.T.C. with over 40 years experience in the development of high grade mag- 
netic materials, now introduce a selection of the many types of chokes which 


are manufactured for industrial, marine and aeronautical applications. 


J 





-- 





RANGE OF SIZES AND WEIGHTS 


The following table lists the size, weight and 
normal range of inductance and current rating 
of several S.T.C. Toroidal Chokes: 
































SIZE SIZE INDUCTANCE & CURRENT RATING 
Outer Diam: | Inner Diam: Length Weight 

CODE gay pins jes om (uH and Amp. AC or DC) 
Cl 1.3 0.7 0.52 3.5 from 10u4H( samp) to1000.H( 0.1 amp) 
C2 2.3 1.2 0.80 14.5 o 200.. Gi . )OOIM.. €43..« d 
C3 2.95 1.4 1.3 50.0 co 100,. Gi . )t01000.. Ca oo ) 
C4 4.1 2.4 1.3 85 » 100,, (4 ,, )to2000,, (lt wo ) 
C5 4.8 2.7 1.4 130 « Me. CO. FOR. Sa. wd 





Actual Size C.1. 














COMPONENTS 
GROUP 








JUNE 


1959 


47 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
MAGNETIC. MATERIALS DEPT: NORTH WOOLWICH 


LONDON ° 
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Pye Portable Wheatstone Bridge 





* Completely portable 
* Built-in galvanometer and batteries 
* Greater overall precision 

x Fitted with the new 6001 switches 


Pye Four Decade Resistance Box 
Cat. Nos. 7640-7642 


Novel presentation gives the reading in 
line, appropriate figures showing clearly 
against the contrasting background. The 
accuracy is +0.02%, except “tenths” 
decades which are +0.2°/,. Manganin 
coils are fitted. The decade box is con- 
structed to have low thermal e.m.f. low- 
reactance winding and is mounted in a 
stove-enamelled grey-blue case: details 
of a.c. performance are given in a descrip- 
tive leaflet, available on request. Three 
models now in production. 


* Exceptionally low contact resistance 
* Remarkable repeatability 


SCIENTIFIC§® 


ELECTRONIC ENGINEERING 

























Cat. No. 7383 

Total range 0.0001 to 1 megohm. 

Series Arm comprises four decades in steps 
of hundreds, tens, units and tenths of ohms. 
Two Ratio Arms, 1, 10, 100 and 1000 ohms. 
Manganin coils. 


Cat. No. 7384 


Total range 0.001 to 10 megohms. 

Series Arm comprises four decades in steps 
of thousands, hundreds, tens and units of 
ohms. Two Ratio Arms, 1, 10, 100, and 1000 
ohms. Manganin coils. 


For measurement of extreme values of resistance 
connection can be made to an external battery and 
galvanometer. Extra terminals allow for the compen- 
sation of residual or lead resistances and such 
operations as the Varley Loop Test can also be 
carried out. The Series Arm decades can be used 
as a resistance box. 
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6001 PYE LOW RESISTANCE PRECISION 
INSTRUMENT SWITCH 


* Overall Switch Resistance: 0.7 m © 

* Variation of Contact Resistance: + 20.2 

* Contact Resistance Drift during life of 
switch: - 50 nQ 

* Thermal e.m.f: 0.008 uV per degree 


Centigrade with uniform change of 
temperature 


During a life test the new Pye instrument 
switch completed 20 million operations, 
which is equivalent to some forty years of 
service. Yet the switch remained virtually 
unchanged—in fact, the stability improved 
within the rather narrow range specified! No 
maintenance was required and test conditions 
were more severe than usual. 


Send for full details of this switch and the 
instruments in which it is incorporated. 


INSTRUMENTS 


W. G. PYE & CO. LTD., GRANTA WORKS, NEWMARKET ROAD, CAMBRIDGE 
Telephone: Cambridge 54411 Telegrams: Pye. Cambridge 


\> 
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“_. -FHERE’S 


NOTHING 


MUCH IN 


ro) 





Sweet little chap! Remarks like that are so endearing—especially 
to the men at S.T.C. who devote their lives on research into 
Capacitors. Still. . . it’s today’s enquiring mind that makes 
tomorrow’s genius. So let the lad’s investigations continue. 
He’ll soon discover that there’s more to 
S.T.C. Capacitors than 
STANTELAC CAPACITORS 
meets the cold chisel. STANTELUM ELECTROLYTIC CAPACITORS 
MINIATURE STANTELUM ELECTROLYTIC CAPACITORS 
STANTELISED METALLISED PAPER CAPACITORS 


AIRCRAFT AND MARINE SUPPRESSORS 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 





CAPACITOR DIVISION : SALES DEPARTMENT - FOOTSCRAY - SIDCUP - KENT 
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T.M.C. CAPACITORS have long been re- 
nowned for their absolute reliability ...a 
particularly important feature where 
superior instruments are concerned. This 
reliability influenced Marconi’s Wireless 
Telegraph Co. Ltd. to turn to T.M.c. for 
Plastic M/P.E.T. Capacitors to be used in 
the Mark IV Television Camera Channel. 


T.M.C. PLASTIC M/P.E.T. CAPACITORS com- 
bine compactness with high performance 
and are especially suitable for printed 
circuit use. They withstand ‘dip soldering’ 
and maintain a good insulance value 
under high ambient temperatures. 


4 (Om CAPACITORS 


TELEPHONE MANUFACTURING COMPANY LIMITED 














MARCONI'S TURN TO 1 


TMC 
Plastic *M/P.E.T. Capacitors 


Photograph by courtesy of 
Marconi’s Wireless Telegraph Co. Ltd. 





T.M.C. can always be relied on to produce the 
ideal capacitor for any particular purpose. 
Their knowledge, experience and technical 
resources will be focused on your specific 
requirements if you write for full information. 





* metallized polyethylene-terephthalate 
(metallized high temperature polyester film) 


Components Division - Cray Works - Sevenoaks Way - Orpington - Kent f 


Telephone: Orpington 26611 
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VARIETY 
PROGRAMME 

OF 

MASSIGORE 
TRANSFORMERS 


A variety programme on the stage of 
industry calls for great skill and experi- 
ence. Savage Massicore Products have 
built up a reputation as Star Artists, 
always ready to put on a novel yet 
polished act. Whenever Savage Massicore 
Products appear on the Bill the customers 
can confidently rely upon them to play 


their part. 
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High Tension Transformer for 15 K.V. 
D.C. Bi-phase rectifier system. 


600 ohm line to grid Audio Transformer 
in Mumetal Case. 





Assembly of three High Voltage Rectifier 
Filament Transformers. Secondaries wired 
direct to valve holders. 


heme 





8 K.V. 2 microsecond Pulse Trans- 
formers. 





Filament Transformer for High Voltage 
half wave rectifier system. 


$0 watt Audio Transformer Drop-through- 
chassis Assembly. 


Chorus :— 


Saturable Reactors Microphone Transformers 


Multi-channel 3-phase Mains Transformers 


Transformers Switching Transformers 
Audio Transformers and Smoothing Chokes. 
THE LITTLE FACTORY 


WITH THE BIG REPUTATION 


SAVAGE TRANSFORMERS LIMITED 
NURSTEED ROAD, DEVIZES, WILTS 





Tel: 





Devizes 932 
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A Transistor for broadcast receiver 
Frequency Changer Stages 


EDISWAN MAZDA XA102 R.F. TRANSISTOR DIMENSIONS AND BASING 
The XAI102 is a germanium PNP junction- type transistor 347° + 
particularly suitable for use as a frequency changer and/or mere: oe “oes | 








oscillator on the medium and long wave bands. The transistor ie a iz a 

element is hermetically sealed in a small can. fg Poe 

RATINGS (ABSOLUTE VALUES FOR T,,,,,=45°C) ae Ve 
Maximum Peak or Mean Collector/Base Voltage 


(Common Base Circuit) (volts) —20 wite © is 
Maximum Peak or Mean Collector/Emitter Voltage AS 
(Common Emitter Circuit) (volts) —16 DIAMETER 
Maximum Peak or Mean/Emitter Base Voltage (volts) —12 OF LEADS 1 $- 
Maximum Collector Dissipation (mW) 60 0-019" Ves Ses" 
*Maximum Junction Temperature ... re (°C) 65 :o> b 
Maximum Storage Temperature: ... ss (°C) 65 ae sient euack 
GENERAL CHARACTERISTICS (T,,,,=25°C) 
ee Sapactes to _ wea , Current “ . TYPICAL OPERATION AS SELF-OSCILLATING 
mitter Open Circuit, Ven =— 12v) (uA) = 5 
Maximum Collector to Emitter Leakage Current FREQUENCY CHANGER IN THE CIRCUIT SHOWN 
(Base Open Circuit, Vce =—10v) ae (uA) —70 
Maximum Emitter to Base Leakage Current Signal cawency Tuning a 3 
(Collector Open Circuit, Veo =—12v)... (yA) -10 Medium Waves ... +» (ke/s) 530 —1620 
Thermal Resistance in Free:Air_ ... ... (°(C/mW) 0.33 Long Waves ste tee eee --+  (ke/s) 160— 280 
Intermediate Frequency ooo a 470 
H.T. Line Voltage (at 1.4 volts per “cell) «.. (volts) —8.0 
— a (at faa =1 Mc/s) eas = “— 
ollector to Emitter Voltage ‘ (volts) —6. 
HYBRIDtT EQUIVALENT COMMON EMITTER CIRCUIT Base to Emitter Peak Heterodyne Voltage at 
"be (fsig =1 Mc/s)... (mV) 250 
Conversion Gain at =fagi ‘Mc/s (not in- 
cluding losses in Ist 1.F. transformer) ... (dB) 31 
Input Resistance at Signal Frequency 
(fgg =1 Mc/s)... oes bas --» (ohms) 1,400 
Output Resistance at I.F. ... we .-. (ohms) 35,000 
COMMON 
EMITTER Variation of Heterodyne Voltage with Tuning Frequency in the 








circuit shown 





— ae —_ ae ee 


































































































AVERAGE PARAMETER CHARACTERISTICS % 
(Tyamb725°C) & 
> 
Equivalent Hybrid « Network. Small Signal Values. ; (A) LW. BAND 
Common Emitter Circuit at V.= —5V 1, = —1mA. B 1 
Typ, Af Prox. ... aie an ea wae (Q) 75 < 
Ty’ +e APProx. ... Jas fe ey Re (Q) 1550 3 
Tp +c @PProx. ... wie ae iwa .. (MQ) 6.0 > 
Bm ote es os je is ... (mA/V) 38.6 B 
Cb'se APPTOX. éa’ ia ae ba min (pF) 13.5 3 
Cpy’e approx. ... Ls ae (pF) 1000 i} 
Current Amplification, Common Base . 0.984 B | | 
Current Amplification, Common Emitter B 60 2 BATTERY VOLTAGE=1.4 VOLTS/CELL ie: 8.4 VOLTS 
(25 Minimum) ~ | Se | | 
Common Base Cut-off Frequency (Average) (Mc/s) 8.0 = 
(6 Minimum) 3 
. ' WW oO re 500 1000 1500 
a R4 390, = — BV DI 
> +04 pF § SIGNAL FREQUENCY TO WHICH RECEIVER IS TUNED—Kc’'s. 
= }——-o 
FERRITE AERIAL * RI 1st LF, TO NEXT “ 
Pe 33K$ TRANSFORMER | STAGE s 150 | i T 
(470 kels)_}——o re (8) L.W. BAND 
| | | 
fe MT Q i | eet 
Un | | 
ls L " 200yH ul en aiations G ee ee ete | | 
{Il 100 at I Mels. | | | | 
Tius- 7 MH xAlO2 tH = 100 
413 pF ju M Wy iS | 
Ml It 737. + 
HHI iN 105 rs | | | 
TT L | uH =] | | 
ye il Fi & | | 
i ma } | 
100- il ye 480 pF i 30 + 
ISOpFL > wees — = | 
= q it , x BATTERY VOLTAGE=1. 4 VOUTS/CELL ie: a VOLTS 
: | | 
= | | 
350- O4pFOR2 [Cl ORB Ws , | 
40004 ii "Se: 2 [ote 33K] J} | 413pF = | 
Zi eg irtiy, 2 ope i 160 200 240 280 
7 TYPICAL FREQUENCY CHANGER STAGE SIGNAL FREQUENCY TO WHICH RECEIVER IS TUNED—Kc/s. 
SIEMENS EDISON SWAN LIMITED 1: 4.£.1. Company E DI & ‘ VAT y 
Technical Service Department, 155 Charing Cross Rd., London, W C.2. MAZDA F 
crc 15/38 


Telephone: GERrard 8660. Telegrams: Sieswan Westcent London. 
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Metrovick 
Quality 
Speed 
Controls 


(Left ) Herbert 28A vertical milling machine with 
electronically controlled motor driving the feed. Speed 
range of 60/1200/3000 rpm. 


The reliability of Metrovick electronic motor speed 
controls has been proved by years of practical 
service in all branches of industry. The types of 
speed control available are :— 


SIMPLIFIED THYRATRON SPEED CONTROLS 
Using a magnetic amplifier and two thyratrons, 
these equipments offer fingertip stepless speed con- 
trol of a D.C. motor from zero to top speed. Speed 
holding accuracy of 2% despite load changes and 
automatic acceleration to any set speed. This con- 
trol has a constant torque characteristic, but constant 
horsepower over a 3/1 range can be obtained. 
HIGH ACCURACY THYRATRON SPEED CONTROLS 
Using an amplifier with two thermionic valves, two 
thyratrons and a tachogenerator, these high accuracy 
controls embody all the features of the simplified 
equipments with the additional advantage of hold- 
ing the speed to an accuracy of + }% of top speed 
despite load and supply variations. 

MAGNETIC AMPLIFIER CONTROLS 

Speed control of motors below | hp. . Accuracy of 
speed holding to within 2% of top speed. 

For further details write for publications Nos. 98/1-1 7098/3. 


METROPOLITAN-VICKERS 


1 hp. simplified speed control wall mounting. 


ELECTRICAL CO C TRAFFORD PARK MANCHESTER 





An A.E.1, Company 
PRACTICAL ELECTRONIC MOTOR SPEED CONTROLS 
H/rReos 
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Turret 
Lugs 





Hebbbibebaeet 


RSCS reliability 
... Dut 

less 
expensive! 


Plessey Turret Lugs have ail the reliable 
features of the old bar-turned type but cost so 
much less ! Immediate delivery. 


Stemming from three years’ intensive deve- 


Type TL2B 
lopment, Plessey Turret Lugs are in general oar 
use on aircraft and military equipment; they | & 
are manufactured from B.S. 267 brass and sail 
are RSCS tested and approved (Certificate TO PASS - 





No. 1156/1 grants full type approval to 


KIA. Uz & PANEL 
specification DEF 5334). ARS 








* Write for Plessey Publication 906/1 
giving detailed specification and full 
dimensional drawings. 





eo, 


Plessey | COMPONENTS GROUP 
THE PLESSEY COMPANY LIMITED 










New Lane : Havant : Hants - Tel: Havant 1701 








Overseas Sales Organisation: PLESSEY INTERNATIONAL LIMITED « ILFORD - ESSEX * TEL: ILFORD 3040 
@® cr7 
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Marconi in Radar 





29 Countries use 





COMPLETE CIVIL AND MILITARY 
RADAR INSTALLATIONS 


MARCONI 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, 


M6R 


ENGLAND 
ELECTRONIC ENGINEERING 


ESSEX, 


CHELMSFORD, 
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Hermetically Sealed 
up to 1600 VA to 
RCL 215. 





Impregnation— 
Oil filled under vacuum 
to RCS 214. 





ofan Oe) | 1 
TRANSFORMERS 


Open Construction up to 
1600 VA to RCL 216 


impregnation - Vacuum/ 
Pressure. with solventless 
varnish enveloped 
to RCS 214 








Saturable Reactors 
up to 500 kVA 








3-Phase Power Transformers 7003 Semi-Enclosed 10 VA 7002 Transformer/Chokes 
up to 100 kVA to 250 VA 5 VA to 1500 VA 














Haddon are exclusively manufacturers of transfor- 
mers, chokes and iron-cored components. Haddon 
units are precision built and designed for use in 
equipment requiring utmost accuracy and reliability. 


HADDON 


HADDON TRANSFORMERS LTD., Victoria Park Industrial Estate, Field End Road, Ruislip, Middlesex. 
Telephone: Byron 9444-8 Telegrams: Hadtrans, Ruislip. 
ELECTRONIC ENGINEERING 56 JUNE 













1959 





EE 10 059 for further details 





yratrons 


for... 

Relay operation 

Electronic switching 

Servo systems 

Regulated A.C. or D.C. power suppiies 
Computers 


Motor Control 
















These thyratrons are designed for the continuous control of currents up to 
1.6 amperes. 
They are being used to actuate solenoids and electromechanical devices of all 





kinds as well as for direct electronic switching. 

Charaeteristic advantages of thyratron control are smooth and continuous 
control of current, negligible control power and high power efficiency. 

The four valves listed have a rare gas filling which makes for operation over 
a wide temperature range, a quick heating-up time and a free mounting position. 
Many tens of thousands of small thyratrons are made every year by Mullard 
and there is a fund of experience available for your assistance in selecting and 
operating individual types. 


Write for free leaflet “‘Thyratrons for the control of small currents”. 


PREFERRED RANGE OF SMALL THYRATRONS 








Max. Av. 
Mullard American Services Cathode P.LV. 
Type No. Type No. Type No. Current | Max. (Volts) 
(Amps) 
EN92 5696 CV3512 0.025 500 
*EN91 2D21 CV797 0.1 1300 
EN32 6574 CV2253 0.3 1300 
XR1.~1600 5796 CV3706 1.6 1500 























* Special quality version available. 


Mullard 








COMMUNICATIONS AND 
INDUSTRIAL VALVE DEPARTMENT 





MULLARD LTD - Mullard House « Torrington Place + London WC1 + LANgham 6633 


@OMVT348c 
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You can’t measure HIGH PERMEABILITY like this! 


... but in specifying SUPER 
HIPERM by Low Moor Alloy 
Steelworks Limited, you are 
assured of superiority in maximum 
permeability. Super Hiperm 
possesses ideal remanence and 
coercive force, is triple refined to 
give magnetic properties of 
outstanding performance and is 
available as Ingots, Billets, 
Slabs, Plates, Regular Bars 

and Special Forms. 

Ask for full details of 
Application and Magnetisation 
Curve. 








for SUPER HIPERM and 
ALLOY & SPECIAL 
STEELS 


Low Moor, Bradford, 
England 
Tel. Bradford 77331 (9 lines) 


LOW MOOR 


ALLOY STEELWORKS LIMITED 





For EXTRUSIONS: Low Moor Fine Steels Ltd. 





LMAS/PPPS/HP4 
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precision built 






W. 7021 FEED-THROUGHS 





A rosust COMPONENT 
of medium size, the Alkyd insulation 





is moulded around a solid turned 
conductor to carry 5 amps, and forms 
a U.N.C. threaded body. 


FIARWIN ENGINEERS LTD 





RODNEY ROAD - PORTSMOUTH -; HANTS - Telephone: PORTSMOUTH 35555 
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HF/VHF 


St 





COMMUNICATIONS TRANSI 





The Semiconductors range of H.F./V.H.F. transistors allows complete transistorisation of all 
communications receivers operating up to 200Mc/s, radar and navigational equipment, I.F. amplifiers, 
and low-level video stages. For mobile transmitters, special techniques allow power outputs as high 
as 100mW to be obtained up to 70Mc/s. 

Data sheets and Application notes are available for the whole range together with immediate 
assistance in your Application problems. 






































TYPE DESCRIPTION 
TYPICAL POWER GAINS 
Sv 1OmA 20mW at 25°C IMc/s 5Mc/s | 10Mc/s | 20Mc/s 
Surface $B345 General purpose R.F., I.F., video 
Barrier amplifier or oscillator to I5Mc/s. 32dB | 25dB 18dB 
SB346 R.F. or |.F. amplifier for use up 
to 25Mc/s. 32dB | 29dB | 23dB | 27dB 
SB087 R.F. or I.F. amplifier to 40Mc/s. 32dB | 32dB | 26dB | 20dB 
Micro 6v 50mA 30mW at 25°C 
Allo MA393 High-gain high frequency transistor particularly suited to video 
y amplifier applications; gain x bandwidth (Mc/s) typically 100Mc/s. 
C 
15v 50mA SOmW at 25°C ‘ 
2N499 V.H.F. oscillator, min. R.F. power output 25mW at 100Mc/s. ; 
Micro 2N500 V.H.F. oscillator, min. R.F. power output 20mW at 200Mc/s. | 
Alloy 2N502 V.H.F. amplifier, min. power gain 8dB at 200Mc/s. 
Diffused 2N503 V.H.F. amplifier, min. power gain 1 1dB at 100Mc/s. 
2N504 Video Output Amplifier, 30v rating, gain x bandwidth (Mc/s) 
typically 60Mc/s. 
) 
25v 50mA 150mW at 25°C., Tj max. 140°C. 
Silicon 
All SA495 Low saturation resistance p-n-p silicon transistor for use as R.F., I.F., 
oy video amplifier or oscillator up to 5Mc/s. Alpha cut-off typically 15Mc/s. 























SC.16. 
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PRINTED CIRCUIT T\/ TIINER 










Designed and developed 
specifically for both 
HOME and EXPORT use. 





I4 POSITION 
I7 CHANNEL 


DIMENSIONS 
(APPROX.) 


Height........ 49” 
Length........ 4)” 
Width ........ 23’ 


p 


Full =| 
supplied on 





=| 


SYDNEY S. BIRD & SONS, LTD. °°°'« © conser 
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High-Heat Mouldings 





oC 
+3 00 SILIGONE/GLASS Jntermittent 


We are prepared to recommend our Silicone/Glass Mouldings 
for continuous service at 250°C or for intermittent service at 300°C 


0 
C é Dimensions of mouldings which 
t— SILIGONE/GLASS Continuous Gu ais aaeaiencoe teal 


determined by the design. 


aq o¢ A small bobbin can be made with 
T +-— 975 POLYESTER/GLASS Incermiztent a wall thickness of -020” but 





increased thickness is recommended 
in larger sizes, say over | sq. inch 


*¢ ; cheek area or |” length of core. 
a0 ¢+— 200° EWC ree ss... 


if design of the moulding permits, 


. - 
te 180 POLVESTER/GLASS Continuous that value can be halved. — 
il We are always glad to advise 


in the design stage of any moulding 
what is possible. Slots or 


oC : holes can usually be incorporated 
fe | ‘0 PHENOLIG/ASBESTOS Continuous igi ec ly 








These small mouldings are fully moulded, 
cured and post cured as necessary to 
impart best electrical and mechanical 

properties to the product. 








sum = 


Anglo-American Vulcanized Fibre Co. Ltd 


CAYTON WORKS BATH STREET LONDON E.C.1. cre 3271 Grams: PROMPSERV AVE, LONDON 


DELANCO WORKS ° LEONARD STREET » LONDON €E.C.2 
VULCANIZED FIBRE LAMINATED BAKELITE - LEATHEROID MICA - COMPOSITE INSULATIONS -  EBONITE PRESSBOARD 
PRESSPAHN - CLOTHS, TAPES AND SLEEVINGS PRESSED, TURNED AND MACHINED COMPONENTS 
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ON 


ARD 





~ DERATRONS 


FEATURES INCLUDED IN THIS RANGE 





| BI-DIRECTIONAL COUNTING << 


SPEEDS UP TO 20,000 COUNTS PER SEC. << 


ACCESS TO ONE, FOUR OR ALL CATHODES << 


NO SHAPING OF INPUT WAVEFORM NECESSARY <4 


ALA OO) NY 


| ONLY RANGE TO INCLUDE 10 OR 12 CATHODE TUBES <q 





DEKATRON IS AN ERICSSON TRADE MARK 


ERICSSON TELEPHONES LIMITED, HEAD OFFICE: 





JUNE 1959 
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Tahle showing comparative characteristics ahd special features 


The most comprehensive range of 
glow-transfer scaling tubes in the world 


Described as the most significant advance in the technique of slow 

and medium speed counting during the last decade, Dekatron scaling tubes 
have logged hundreds of thousands of unfailing working hours. 
Leading manufacturers of counting, timing and measuring instruments 
prefer these reliable tubes because they allow simplified circuitry, 
replace a number of thermionic tubes, operate at low current, 
dissipate negligible heat and are moderately priced. 

Available in decade and duo-decade types, the Dekatron is the original 
and the leading counting tube for superior performance. 

Are you taking full advantage of the economy, long life and 

versatility of these cold-cathode scaling tubes? 

If you would like more information please write to:— 


THE TECHNICAL SERVICES DEPT., 


TUBE DIVISION 


BEESTON - NOTTINGHAM . ENGLAND 


ENGLAND 


22 LINCOLNS INN FIELDS, LONDON, W.C.2. Tel: HOLborn 6936 


ORIGINATORS AND SOLE MANUFACTURERS OF DEKATRON SCALING TUBES E1154 934 
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If CHASSIS 2 


are your \<« 
interest 


% No delay in getting your ideas put into practice. 


% No need to interrupt your smooth flow of quantity production to produce Experimental 
Chassis. 


% Lektrokit Experimental Chassis can be modified quickly and simply. 


% A wide range of accessories permit the construction of bench or rack mounted units for 
permanent use. 


%& Units can be fitted together almost indefinitely in a variety of ways. 


ELECTRONIC CHERTSEY ROAD 
INDUSTRIES BYFLEET-: SURREY 
LIMITED “aus: eRGew. oy Onn 
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TERRY’S SPRING PRODUCTS 


Whatever you need in springs can be supplied or made for you by 
TERRYS. After more than 100 years of spring making in all its 
various spheres ‘TERRY’ & ‘SPRINGS’ have come to mean the 
same thing. 


, QUALITY SPRING WASHERS. 
ea Single Coil No.159. 


Light Double Coil No.54A. 









Standard Double Coil No.54. 





em 
TERRY ’S security Worm Drive Hose Clip. 
Just one example of the kind of thing we make supremely well. 
Immediate delivery of all sizes from stock. Sample & price list free. 








Hardened and tempered Domed No.554 


You’re sure to find 
the very spring you 


No. 1024 


want in Terry’s Boxes 





20 Compression Springs 


12” long. }” to 3” diam. 24G to 18G No. 757 


s suitable for cutting into shorter lengths ; Extra Light Compression, | gross 
of Assorted Springs and 30 Expansion 14” to 12” long. 4” Assorted, }” to %” diam. 4” to 24” 
to }” diam., 22G to 16G. 24 ’- each. long. 27 to 19 S.W.G. 15/- each. 

















oe 






No. 760 
Three doz. 
1 foot lengths Expansion Assorted Light 
Springs suitable for cutting into shorter lengths. Assorted : Three dozen Assorted Compression 
diameters from }” to 4” and 24 to 16 S.W.G. 7/6 per box Light Expansion Springs, suitable for Springs. 1” to 4” long 22 to 18 
containing 1 dozen lengths. carburettor control, etc. 13/6. S.W.G. }” to 4” diam. 6/6 each. 


No. 761 











No. 762 CUT PRODUCTION COSTS 
1 foot lengths Compression Springs suitable for cutting into WITH TERRY WIRE CIRCLIPS Interested in Springs? 


shorter lengths. Assorted diameters from }” to 3” and 24 to We can supply from stock in sizes Ninth Edition of “Spring Design 
16 S.W.G. 4'6 per box containing 1 dozen lengths. from }” to ”. & Calculations” post free 12/6. 








Have you a presswork problem? If so, send it along and we'll help to solve it for you. 


HERBERT TERRY & SONS LTD., 


Redditch, Worcs. (Makers of Quality Springs, Wireform & Presswork for over 100 years) une 
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New concepts in electronics have been developed at AWA as a result 
of experience with missile systems. Now they have a wider application. 
Here are some of the new AWA devices available to industry. 







TRANSISTOR GALVANOMETER AMPLIFIER EQUIPMENT 








These modular Transistor Galvanometer Amplifier 
Units have been designed to drive viscous damped 
recording galvanometers. These Amplifiers are avail- 
able as Six or Twelve Channel Rack Mounted Units 
as well as being supplied as individual items. 
MAIN AMPLIFIER FEATURES: High Gain; Low Noise 
Level; Frequency Response from D.C.—3 Ke/s; 
Low order of Drift; Single Ended or Push-pull input; 
Accepts Signals from + ImV up to + 500v; 5 Range 
Input Attenuator plus gain control; Light and easily 
portable. Gain: Maximum 7.5 mA/mV; Minimum 
0.05 mA/mV. Noise Level: Less than 5 microvolts ; 
r.m.s. at input. Output: + 35 mA maximum working 
into 50 ohms for standard Amplifier, other types are 
available. Power Supply: + 6v D.C. 220 mA each line. 



























In addition to Rack Mounting Units, Sub-standard 
Calibration Units and other ancillary equipment is 
available. 











All devices are adaptable to suit customers’ own 
requirements. For further information consult: 


COMMERCIAL ELECTRONICS DEPT. 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD. 
Baginton, Coventry, England. 


MEMBER OF THE HAWKER SIRRBREL EY GROU P 
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A complete test-bench in one hand 
USING PRECISION / NASHTON | ELECTRONIC INSTRUMENTS 


must IMPROVE laboratory and workshop EFFICIENCY 








The Nashton labstand shown above holds any three Nashton instruments at eye-level 
for easy reading and operation. It frees bench-top space for operator use and is completely 
portable. Only one mains connector is required. Five instruments from the Nashton 
range are illustrated here; others available now or in the near future include the Resis- 
tance Capacitance Comparison Bridge, the D.C.uA-Valve Voltmeter, the Universal D.C. 
Meter, the Shorted Turns Detector, the L.F. Quadrature Oscillator, the Transistor Tester, 
and the -05 Amp. Stabilised D.C. Power Pack. The last three instruments use transistor 


circuits. For full information fill in the coupon below and send it (2d stamp) to:— 


Nash and Thompson us 


OAKCROFT ROAD CHESSINGTON SURREY Elmbridge 5252 


ASG RRRaNIENNEAiNe ss 


Please provide information on the Nashton 
| NAME hatinisees POSITION 


| DEPARTMENT............ , NAME AND ADDRESS OF COMPANY oroveconapabosotelpesoescestbnscetadieaibiiibe | 


(Oust | pin this coupon to a letter-headed blank and post if you are too busy to complete - we will do the rest.) 
EE 


A ES AE EE CL EE ES AS A Se eS Ee 
WHG/NT74 


JUNE 1959 67 





EE 10 069 for further details 


Sensitive Valve Voltmeter — An 
audio frequency A.C. Voltmeter 
providing 10 ranges from 30 m.V. 
to 300 Volts. £49.10.0 


A.C./D.C. Valve Voltmeter— Six 
A.C. ranges from 1-300 Volts 
f.s.d. up to 200 Mc/s and seven 
D.C. ranges from 1-1,000 Volts 
f.s.d. at high impedance. £59.10.0 


Ohmmeter— A D.C. measuring 
instrument reading from 10 ohms- 
10,000 megohms with a high 
degree of accuracy. £52.10.0 


Flash Tester— Designed to meet 
the requirements of B.S. 816:1952 
and giving meter indication of 
both applied voltage and leakage 
current, £26.0.0. 





1 Amp. Stabilised D.C. Power 
Supply—A transistorised unit sup- 
plying from 1-13 Volts D.C. sta- 
bilised to within 0.2% for + 10% 
mains voltage variation. £40.0.0 
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KLYSTRON MOUNT 100/440 
Uses the CV.2116 Klystron having an output o {100 mW over 
the range 2.7 to 3.5 Gc/s, the tuning control covering a range 
of 550 Mc/s between those limits. Preset adjustment of the 
tuning range is given by two internal set screws. Frequency 
stability | in 3 x 10 when driven from our Power Unit Type 
380 (+20V mains change). > 




































FREQUENCY METER 100/700 
This is an absorption type, (H!I11 mode), which is calibrated 
with an accuracy of +2 parts in 10* over the range 2.7 to 
3.5 Ge/s. its ‘Q’ Factor is approx. 4000 and the average dial 
discrimination is 0.5 Mc/s. Dimensions 7 x4} x11} high. 
< Weight 12} Ibst 


THERMISTOR MOUNT 100/1200 

| Operates over the range 2.7 to 3.5 Gc/s, the tuning control 
selecting any 200 Mc/s in that range. Two thermistors 
Type E/2631/20 are mounted as a termination to a co-axial 
line, connected to the waveguide via a mode transformer. 
The bandwidth is 200 Mc/s for a V.S.W.R. of better than 0.9, 
and at optimum tuning the V.S.W.R. is better than 0.94. 
Power range 0-40 mW¢é oy 


GRADE | ATTENUATOR 100/2720 

A precision calibrated variable attenuator having the following 
performance: Range 0-40 dB. Overall accuracy +0.1 dB. 
Reading accuracy .002 mm of penetration. Insertion loss 
0.5 dB. V.S.W.R. better than 0.95. Calibration frequency 
3 Ge/s 


All items available with any standard flange. 





Please write for our comprehensive catalogue of waveguide 
equipment. 





Ps 2 


Designed and manufactured by MICROWAVE INSTRUMENTS LIMITED 
mot reac tite WEST CHIRTON INDUSTRIAL ESTATE - NORTH SHIELDS - NORTHUMBERLAND Tel: North Shields 3606/7 
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THE NEW poteNTIOMETER 
Type PV2 


This new miniature Wirewound Potentiometer is fully 
type-approved to R.C.S.C. styles RVW 13/14. 





Available with normal shaft for knob operation, 
slotted shaft for preset adjustment by screw- 
driver, and longer siotted shaft with split collet 
locking device. All styles can be supplied with 
or without panel seals. 


A wide air gap at the back of the component 
prevents condensation in humid conditions. 


The resistance element is of copper-nicke} 
wire for the lower values and nickel-chrome 
wire for the higher values; both are wound in 
strip form on a bakelite laminate of high 
electrical quality. , 








The resistance wire is welded at each end to 
aninterwire,whichissolderedtotheconnecting 
tag. The three tags are of plated brass and 
2 watts at 20°C, project through slots in the shell. 






RATING 


Contact ring and wiper arms, the tips of which 
are rhodium plated, are nickel silver. Shaft 
bush and nut are nickel-plated brass. 


The lockable shaft model has a long bush with 
split conical extension at the end. The shaft is 
locked by amilled sleeve screwed over the bush 
compressing the split cone. 





iIltustrated are some of the 


styles available Write for technical leatiet 





Sea 
— 


jo 
is 
ae 
Ht 
b44 
ie) 
q 


San 








| SP Painton & Co. Ltd. 


PAINTON 


ck RY KINGSTHORPE NORTHAMPTON 
Tel: 32354/7 Telegrams: ‘Ceil, Northampton’ 
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making the right contact 


is something we have been doing 
for a very long time and, like the 
tennis player, our success is largely 
based on our experience. 


With nearly 200 years of history in 
the working of precious metals, we 
can confidently say that with the 
“Thessco” and “Thessconite” range 
of electrical contact materials we are 
always making the right contact. 


Write for our latest catalogue or ask 
for one of our technical representatives 
to call for a full discussion. 


APE SMELTING 


ompany Limited 


HEAD OFFICE AND WORKS: ROYDS MILL STREET, SHEFFIELD, 4. 
also in LONDON and BIRMINGHAM. 
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ANOTHER 
“BELLING-LEE”’ 


MINIATURE 
COAXIAL CONNECTORS 


L.1417/FP/Au or Ag. MINIATURE FREE PLUG 
L.1417/FS/Au or Ag. MINIATURE FREE SOCKET 


This is a miniature version of the coaxial connectors L.734/P and L.734/J, for 
use with cables having an outside diameter of 0.16 in. This connector has a 

robust cable clamp intended for use in miniaturized equipment where reliability 

is a prime consideration. Available with contact surfaces either gold-plated 
(/Au) or silver-plated (/Ag). They can be mated with the coaxial inserts in the 
miniature “Domino” range L.1391. 


D.C. breakdown voltage (at atmospheric pressure): 
L.1417/CS 3,000V L.1417/FP/CS 3,000V L.1417/FP/FS 1,800V 


Max. working voltage: 400V. d.c. Voltage proof: | ,800V. d.c. 


Cable size: Outside dia. 0.16 in. 
Max. dia. over outer conductor 4 in. Max. dia. over inner conductor 0.033 in. 


Finish: Inner conductor, gold-plated brass. Dielectric, P.T.F.E. 
—- P Outside conductor, aluminium alloy. Circlip (L1417/FS), Nylon 
+250 

\ea5m Weight: 1.2 gm. (0.05 oz.) 


L.1417/CS MINIATURE CHASSIS SOCKET 

This socket accepts the plug L.1417/FP described above. It has a 
28\ nylon circlip, insulated body, and the socket is available gold- 
74 plated (/Au) or silver-plated (/Ag). Weight 0.7 gm. (0.02 oz.) 


pase Ba ent ll pst an 343 LLI | G L E E L 1 
covered by patents or registered I 


designs, or applications therefor. GREAT CAMBRIDGE ROAD. ENFIELD, MIDDX., ENGLAND 


dS 





Telephone: Enfield 3322 - Telegrams: Radiobel, Enfield 


TERMINALS, PLUGS & SOCKETS : THERMAL DEVICES 
FUSES - INTERFERENCE FILTERS + RECEIVING AERIALS 
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IMIU Lb TIRVACIS 
RECORDING 


IBVELNDS 


The photograph on the left shows the 
‘GRESHAM’ A25/16 multi-track ‘head for 
use with | in. tape. Playback characteristics 
at a speed of 7} in./sec. are shown below for 
a tape induction of 12 dbs, below 2°/, distortion: 
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Frequency c.pis. 


“GRESHAM” Type A/25 MULTITRACK RECORDING HEADS 

















Dimensions 
Number of Tracks _... at es “ ces ae - aiid oe 4 on } inch tape 
whe a , 8 on 4 inch tape 
ee “se i ae mae ae ‘ea 16 on I inch tape 
Track width... sii ies = a pee i oe re oe 0.025 inch 
Track spacing (between centres) ... kas ia oe nis an or 0.060 inch 
Gap length (electrical) oe sa ion a ae a oe ae 0.00025 inch 
Pole length _... om ae ae ee eeu — aus ie sts 0.192 inch 
Inductance (2 coils in series) aus ua a pore en as oa 12 Millihenries 
Resistance (2 coils in series) ee roe cae ae aes Ste ss 8 ohms 
Performance 
For tape induction of 12 db below 2% distortion (2 coils in series): 
Bias current... see a oi aan see nee ae ‘es 1.4 Milliamps r.m.s. 
Record signal current 7“ a a “ae es vn rae 0.11 Milliamps r.m.s. 
RESHAM DEVELOPMENTS 
Limited 
THIRLESTANE HOUSE - UXBRIDGE RD. 
HAMPTON HILL - MIDDLESEX 
Telephone: MOLESEY 4540, 6211, 3059 
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NEW 
ADDITIONS 


TO THE 


HELI-FOX POT 


RANGE 









S.B. and S.G. with sin.-cos. Can be 
ganged up to three linear 
sections. Heli-Fox servo mounting with ball 
races. New Heli-Fox totally enclosed, 

fully tropical if required. 



















To give prompt and personal 

service, we have opened a London office 
at 104 Chislehurst Road, Orpington, Kent. 
Telephone Orpington 21031. 


P. X. FOX & CO. LTD 


Hawksworth Road, Horsforth, Yorks 
Phone : Horsforth 2831/2 


POTENTIOMETRY BY FOX 
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7 
A RANGE OF TRANSISTORISED 


with these features 





* FOUR TERMINAL NETWORK 


nominally zero impedance at your circuit. Resistance 
of interconnecting leads automatically eliminated. 


* OVERLOAD PROTECTION 


latching relay ensures unit cut out on overload. 
Fuses protect unit against component failure. 








MODEL TIol T103 
LOW TEMPERATURE RISE Output: 0-50V, 1A 0-30V, 1A 
exclusive use of C core transformers. Weight: . Ks iT ibs. et 
Price: . 2 £85 
* METERS 
grade | E. TURNER ammeter and voltmeter. 
WORKMANSHIP 
to highest standards, ROBAND standards. 
PERFORMANCE 
IMPEDANCE: <0.05 ohm 
RIPPLE: <I m.Vv 





OUTPUT VARIATION: Less 





than | part in 1200 for 7% mains change. MODEL T102 T105 
— "a 2A 0-50V, 2A 
MAINS 200/250V. A.C. (IISV models available) Weight: edi tea 
Price: £100 £118 


%* Not applicable to sub-units. 


ALL PRICES EX-WORKS 


ROBAND 
ELECTRONICS LTD. 





é oa 
MODEL TI104 0-30/0-30V, each section IA. 





Size: 168” x 8” x 10}” high 
33] Mountgrove Road, Highbury, N.5 —- << 
Price: £129 


Basically a centre tapped D.C. supply with 
independent controls. 





Telephone: CANonbury 4581 /858! 


ie 
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REGULATED SUPPLIES... 






















MODEL TI00 25V max at IA. MODEL TI06 0-I00V, IA. 








Size: 7} x 4” x 5}” high Size: 213” x 13” x 112” high 
Weight: 5 Ibs. (Standard 19” x 8}” panel) 
Price: £45 Weight: 50 Ibs. 

4 Price: £149 





MODEL TI08 50V max at IA. MODEL TI107 0-100V, 2A. 








Size: 84” x 53” x 6}” high Size: 21}” x 13” x 11?” high. 
Weight: 8 Ibs. (Standard 19” x 8}” panel) 
Price: £55 Weight: 60 Ibs. 

Price: £183 


' 

' Also: A RANGE OF FIXED AND 
| VARIABLE STABILISED SUPPLIES UP 
1 TO 500 Vv 

| And: A RANGE OF R.F. STABILISED 
SUPPLIES UP TO 50 K.V. 


——— ee ee 








Size: 10)” x 53” x 7}” high. j I * 
Ibs. 





1A. Weight: 13 
Price: £70 
pemsintitenisoniweaimalaiitsade ted iaaiiiiaieeia . 33 Mountgrove Road, Highbury, N.5 
- All sub-units are supplied at fixed voltages. Thus ! 
ith 1 @ 7100/24 is a 24V 1A supply. The output can be ; 
1} readily altered to any fixed voltage withintherange. | Telephone : CA Nonbu ry 4581 /858 ’ 
— P 
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A COMPLETE RANGE OF VACUUM TUBE REGULATED SUPPLIES 
WITH THESE FEATURES ... . 


FREQUENCY RESPONSE—complete stability from | c.p.s. to beyond 
100 k.c.s. 


STABILITY—guaranteed for + 10% mains variation—double triode 
difference amplifiers ensure freedom from drift. 


LIFE—conservatively rated components ensure long life. 


IMPEDANCE—. preset potentiometer allows for smooth impedance 
adjustment from positive to negative values 


MAINS—200/250 V.A.C. (115V models available). 
FRONT PANEL UNITS—fitted with Plessey Mark IV or Films & | AMP UNIT 


Equipment Jones type plugs & sockets. Please state preference. 





D.C. Output 
Volts Currents 
N CHASSIS UNITS 


M23 +150V 0-50mA 6.3V2A & 6.3VIA <0.1 Q 


Effective g Price 


Model A.C. Outputs | po cistance Ripple Ex-works 


6” x 54” x 53” ht. 
6” x 54” x 52” he. 


1Q x x 


x 
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8 
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MADE AND GUARANTEED BY 


ROBAND 


ELECTRONICS LIMITED 





A: MI4A UNIT 
33 Mountgrove Road, Highbury, N.5. Telephone : CANonbury 4581 & 858! 
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type 
insert 


A metal screw thread insert 

that eliminates tapping, solid bushing... 
and wastage of time and materials... 
has saved more than 4d. per hole! 
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GOLDEN 
JUBILEE 





HELI-COIL’ 





The Heli-Coil Push Type Insert—an epoch- 
making development—makes the strongest possible 
appeal to the progressive technician. It opens up a 
whole new field of simplification and improvement by 
providing low-cost, secure fastening of non-structural 
parts for the high production market. In a quick, 
simple operation the Heli-Coil Push Type Insert per- 
mits the insertion of ready-made self-anchoring female 
threads in plastic parts and light alloy materials. 
Difficulties caused by the poor screw thread. proper- 
ties of these materials can now be relegated to the past. 
No rejects because of blind or untapped inserts or 
inserts with insufficient thread depth will be found 
on the assembly line. The Heli-Coil Insert, by its 
nature, cannot be made without a thread. 


The Heli-Coil Push Type Insert'can be hopper 
fed and power inserted into the component after 
moulding, permitting a high speed moulding opera- 
tion. Itis anecessity for the automation production line 
layout. Installation tooling can be had on purchase or 
rental. May we make an investigation for you? 


For further details write Sales Leaflet APL.40/4. 


ARMSTRONG PATENTS CO. LTD. EASTGATE, BEVERLEY, YORKS. Tel. Beverley 82212 


a - wae *% eames en sinatuaasd 
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A NEW 
HIGH SPEED 


OSCILLOSCOPE 


Model 301 D.c. to 40 Mc/s. 


Designed around the latest type of high sensitivity 
cathode ray tube, this instrument provides all the 
essential features of a wide band oscilloscope 
with accurate measuring facilities and an 
exceptionally wide range of sweep speeds. 

The aim has been to get these features 
incorporated in the least complicated manner, 
resulting in a compact, rugged and reliable 
design produced to the highest standard of 
workmanship at an economical price. 


CATHODE RAY TUBE 


5” diameter flat faced with a window area of 410 cms. 
Total accelerating voltage applied by means of a helical 
system is 1OKV, resulting in a small beam spot and a trace 
capable of resolving fine detail. 


TIME BASE 


Calibrated sweep times from 0.5 sec to 0.1 psec per cm. 
accurate within 2% by direct reading of time per cm. An 
uncalibrated fine control increases the maximum sweep 
time to 1.2 sec/cm. or 12 secs for a full screen sweep of 
10 cms. 

Sweep expansion x10 reduces the minimum sweep time to 
10 musec/cm. equivalent to a sweep speed of Imm. per 
muysec. Versatile and highly efficient triggering circuitry 
provides both repetitive and single stroke conditions. 


Y AMPLIFIER 


Band width D.C. to 40 Mc/s (-3dB) 
Rise time 9 musec. 
Sensitivity , z . 1cm per 100 mV. 


NAG 


ARI] 


Tel.: 











By switch control the sensitivity can be increased to 1 cm 


per 10mV over a bandwidth of 2.5 c/s to 20 Mc/s. A nine- 
step attenuator and a fine gain control extend the sensitivity 
range to approximately 1 cm per 12V. An RC probe is 
available with 10—1 reduction factor, extending the range 
to a minimum of 1 cm. per 120V. A balanced signal delay 
is incorporated in the amplifier enabling the observation 


of pulse leading edges. 


VOLTAGE MEASUREMENT 


A calibrator is provided giving output of 40mV and 400 


mV accurate within 2%. 


POWER SUPPLIES 


Both H.T. and EHT voltages are stabilised over a wide 
range of mains input voltage variations, and the power 


supplies are built into the case of the oscilloscope. 


18 AVENUE ROAD * BELMONT * SURREY 


VIGilant 9161-2 
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Transistorized oe oe oe oe eT 
UNIVERSAL -* § ¢ 


COUNTER 


TIMER 





This fully transistorized portable equipment pro- 
vides for a wide range of time and frequency 

Frequency Measurement measurement as well as facilities for counting, 
frequency division and the provision of standard 
frequencies. The facilities available are briefly listed 
below: 


Random Countin 
g TIME/UNIT EVENT (1 LINE): For the measurement 


of the time interval between two occurrences in a 

continuously varying electrical function in the 

range 3usec to 1sec. The time for 1, 10 or 100 
Frequency Division such events can be measured. 


TIME/UNIT EVENT (2 LINE): For time measurement 
in range 1usec to 2777hrs. of any interval defined 
by a positive or negative going pulse in any 


Time Measurement combiniiinn 


EVENTS/UNIT TIME: For frequency measurement 
in range 30c/s to 1Mc/s over period of 0-001, 0-01, 


0-1, 1 or 10secs. Crystal accuracy +2 parts in 


Frequency Standard ; 
10°/week. For mains or 12Vd.c. operation. 


Full technical specification available on request. 
RANK CINTEL LIMITED 


P CUNTEL WORSLEY BRIDGE ROAD - LONDON - SE26 
HITHER GREEN 4600 


Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd. Industrial Estate, Thornliebank, Glasgow ; 
McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16 ; Hawnt & Co, Ltd., 59 Moor St., Birmingham, 4, 
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The logical advance in qa ein! 














OLD WAY 


Threaded studs were 
spot welded (or inserted 
, = = Sy 4 s if die-cast) to the name- 
ANNONNNN 5 SAAN 5S NNN plate. To hold this in 
2 TEI : oe position, washers and 
res oe nuts were laboriously 
assembled with great 
difficulty especially on 
blind applications. 

















THE SALTER WAY 


Studs are cast in with 
i the nameplate, and the 
uy A Fixes are simply pushed 
\ is on, even on blind appli- 
MW" FIXES ON STUDS. : cations. The whole is — 
firmly retained with an 
even spring tension. 












DSSS  SNQAAQQAAAAAANAAAANNANAANNSN BSNS 














save material-reduce assembly time 


, ; 











When it’s a question of assembling components machining operations. A large standard range is 
in any engineering field, Salter Retainers are the at your immediate disposal, and we should 
answer. They replace nuts and bolts, screws, welcome the opportunity to assist in developing 
cotter pins, and eliminate expensive threading and special retainers to solve your problems. 








NEATER — MORE POSITIVE — PERMANENT RETAINING 
Send for the Salter Retainer 
catalogue — no designer is 


Circlips €) Fasteners Retainers =) Fixes 
Geo. Salter & Co. Ltd., West Bromwich - Spring Specialists since 1760 


Mow.446 
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POINTERS TO THE FINEST COMPONENTS FOR 
ELECTRONIC & ELECTRO-MAGNETIC CONTROL 


Westool produce the finest coils and coil-based components available to-day. At 
their modern factory in Co. Durham, recently doubled in capacity, they manufacture 
a wide range of products of which the main ones are dealt with overleaf. 

Remember, that the Westool Design and Application Engineering Division is ready 
to give you free advice on every aspect of Westool products. If you only require 
literature at this stage complete and return the detachable reply paid card below. 
























A.C. AND D.C. 
SOLENOIDS 


WARNER ELECTRIC 
| BRAKES & CLUTCHES 


Pa at 
AND CHOKES 


COILS AND COIL | BESSON RELAYS & 
WINDING MACHINES | MICRO-COMPONENT 











No Postage 


Postage 
will be 
paid by the 
Addressee. or Northern 
Ireland. 














BUSINESS REPLY CARD 
Licence No. B.H.K. 15 











WESTOOL LTD., 


ST. HELEN’S AUCKLAND, 


BISHOP AUCKLAND, 
Co. DURHAM. 





Seeee ee eeeeeeneeeeeenaeen eee eeeseeeeenee;, 
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WARNER 
ELECTRIC BRAKES & CLUTCHES 


Warner electro-magnetically actuated fric- 
tion couplings are the most modern method 
of controlling machine drives. They give 
fully automatic and instantaneous stops 
and starts, which although measured in 
milli-seconds, are velvet smooth and com- 
pletely shockless. From “inching” to “‘full 
speed”, either forward or reverse, their 
speed can be varied at will. Warner Elec- 
tric Brakes and 

Clutches occupy the 

minimum of shaft 

length, can be fitted 

to existing machines 

and enable new 

machines to be built 

smaller, faster and 

easier to operate. 

Automatic take-up 

for wear com- 

pletely eliminates 

the need for adjustment. 


DON'T BE PREHISTORIC 
Your equipment needs the 


up-to-date components made 
by WESTOOL. 


POST THIS CARD 
BESSON RELAYS & 
MICRO-COMPONENTS 


Westool are sole selling agents for 
Besson products. These include the 
SB2 Moving Coil Relay specially 
designed to stand up to tough in- 
dustrial use and the Type LE 
Balanced Armature Miniature 
Microphone which is ideal for 
hearing aids, tape recorders, lapel 
microphones, etc. It has the financial 
advantage of being made in this 
country. 


A.C. & D.C. Solenoids 


Warner Brakes & Clutches 


For technical literature, place a tick against W r STO ¢) L 


Transformers & Chokes 


those products in which you are interested. 
Coils LIMITED 


Complete name and address details below and 
Coil Winding Machines 
post—no stamp is needed. 
Besson Relays & Micro-components 





OOOOO0O0 


Air Conditioners & Dehumidifiers 
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DECADE 
CAPACITOR 
BOX 


Accurate decade capacitors are valuable for use in work 
where a widely variable capacitor of accurately known 
value is required for audio frequency use. 


DECADE 
RESISTOR 
BOX 


Accurate decade resistors are valuable for use in 
work when a widely variable resistance of accur- 
ately known value is required for D.C. and audio 
frequency use. 


Mechanical and electrical shielding is provided by the metal 
case and panel. 


The capacitor elements have no electrical connection to the 
case and panel for which a separate shield terminal is 


provided. Mechanical and electrical shielding is provided by 


the metal case and panel. 
Positive detent mechanisms and pointer knobs permit the 


operator to sense the switch position without looking. The resistance elements have no electrical connec- 


tion to the case and panel for which a separate 
shield terminal is provided. 


Positive detent mechanisms and pointer knobs 
permit the operator to sense the switch position 
without looking. 













=e 
SPECIFICATION: @ 
Range ..  .. 001 ufd to 1.11 ufd. PRICE I3 Gns. 
Zero capacitance 50 ufd. ” 
Accuracy » oe SPECIFICATION: 
oe ving tll os e Range .. .. 100 ohms to 111,000 ohms. 
Mounting .. Metal case and panel. e oa resistance . . 0.006 ohms. 
| Finish .. .. Blue hammertone case. aw aed ig ee 
Black and silver photoetched panel. e axiam Curres 100"s rome + pet 
1000's decade 10 mA. 
PRICE I! Gns. o Terminals .. Screw type. 
Mounting a Metal case and panel. 
e Finish .. Blue hammertone case. 
Black and silver photoetched panel. 
* 














ELECTRONICS LIMITED 












GOVETT AVENUE SHEPPERTON MIDDLESEX Walton-on-Thames 6521 
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simpler... 

















stronger 


* Resistant to vibration, shock, corrosion and 


66 33 probe damage. 
~ Thorn of connectors — * Operate over the temperature range —40°C to 


_ the perfect external 100°C. 


r wala components * One piece die-cast, cadmium plated shells— 


connector fo one piece resilient inserts. 


‘ ipment . eae 
in console equip -. ® Closed entry sockets—Self centring pins. 


: sat a * Pin rating: 4 amps. 
Rugged, simple construction is the outstanding feature of g P 


Thorn S.R. Connectors. The one piece, die-cast, cad- * Operating voltage: 250 volts A.C. 
mium plated shells and one piece resilient inserts of both « Overall dimensions: 


plug and receptacle ensure exceptional resistance to Plug 2.312” x 1.125” x 1.000” 
shock and vibration. Receptacle 2.312” x 1.125” x 1.125” 
Low engagement and separating forces are provided by 

the pliancy of the insert and the self centring action of The complete AN Series and Pygmy PT series are also 
the pins to the closed entry sockets. included in the Thorn ranges of Electrical Connectors. 


THORN ELECTRICAL INDUSTRIES LIMITED, AIRCRAFT COMPONENTS & CONNECTOR DIVISION 
GREAT CAMBRIDGE ROAD, ENFIELD, MIDDLESEX. TELEPHONE: ENFIELD 5353 
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COMPACT COOLNESS 


In a sense it’s an optical illusion. A magnetron valve cooler made by 
Marston sits snug in the palm of the hand—but, thanks to the ingenious 
corrugations of the secondary surface heat-exchanger, it presents two- 


and-a-half square feet of surface area. This is just one instance of the 





compact coolness Marston offers the electronics industry. Marston 
heat-exchangers, whether air- or liquid-cooled, are designed specific- 
ally for preserving component life and efficiency and reducing the drift 
of transistor characteristics. Don’t design round these problems: 


Marston can help you overcome them. 


i cine” 









MARSTON EXCELSIOR 
The Mark of Craftsmanship 


MARSTON EXCELSIOR LIMITED, FORDHOUSES, WOLVERHAMPTON, ENGLAND 


MAR 265 
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Illustrated is the HM.10. Helical © 
Membrane Cable, which has a — 
power handling capacity of 20okW 
at 100 Mc/s. 


Many well known companies in the field of electronics 
have turned to Telcon for advice on the all important 
applications of Cables for Telecommunications. 

The knowledge and experience of Telcon staff — 
scientists, research engineers, chemists, cable designers 
and technicians, which has been gained inall parts of 
the world, is always at the service of cable users and 
equipment designers. 

The Telcon Contracts Department is organised to 
supervise or undertake the installation of any of the 
more highly specialised types of cable manufactured. 
Its services are particularly valuable in cases where 





unfamiliar techniques are involved. 





Coaxial and balanced pair cables for telephonic com- 
munications are in standard production, as well as very 
low loss Helical Membrane Cables, for Multi-channel 
Radio links and Television Transmitting Feeders, etc. 

You are welcome to full details and specifications 
of any of these types. When writing please quote 
reference EE. 





TELCON CABLES 


TELSON THE TELEGRAPH CONSTRUCTION 






AND MAINTENANCE Co. LTD. 


Enquiries to:— Sales Dept., Telcon Works, 
Greenwich, London, S.E.10. Telephone: Greenwich 3291 


Branches at: Cardiff, Dudley, Manchester, Newcastle, Nottingham. 


An Audio Frequency Cable for local distribution 
purposes. These types can be installed under- 
ground, overhead or underwater, as required. 
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ALDRIDGE 





The two plastic mouldings on the left are 
Aldridge’s contribution to the new attractively 
styled Satchwell TL room thermostat made by 
Rheostatic Company Limited. This new instru- 
ment has the following advantages: 

m@ Better looking 

gw Small size 

mw Cheaper to produce 

gw Practically unbreakable 

The cover is a high impact polystyrene injection 
moulding, which is tough and flexible. A high 
dielectric phenolic type of plastics was chosen for 
the base to provide a rigid, high insulation sup- 
port for the parts of the actual thermostat. The 
successful production of such a highly complex 
shape is a fine example of what Aldridge can 
accomplish by advanced transfer moulding 
techniques. 

Aldridge do a better job in plastics because 
they neverstop thinking plastics, dreaming plastics 
and improving their techniques for manufactur- 
ing intricate, accurate shapes in plastics. Give 
them a product in another material—or even one 
already made in plastics—and it’s pretty certain 
that they’ll be able to give you a still better job in 
plastics. Let them see it in the design stage and 
they’ll show you how it can be simpler, cheaper 
and better in plastics. 


‘You are invited to get in touch with 


ALDRIDGE PLASTICS LTD 


An A.E.I. Company 
Redhouse Industrial Estate, Aldridge, Staffordshire 
Tel: Aldridge 52031 (3 lines) < 
Sales Office: 38/39 Upper Thames St., London. E.C.4 


Tei: CENtral 2332 
CRC A2 
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tia -weam READING 










with this TRANSISTORIZED 
TIME & FREQUENCY 
MEASURING EQUIPMENT 
Type TSA 53 

















@ Frequency measurement up to 100 ke/s. @ 0.1 second, 1 second and 10 seconds sampling I 
times. | I 
Period measurement from 0.0001 c/s to 10 kc/s. . 
@ No rel loyed. 
j @ Time measurement of any event from 1/10,000th i i ata ( 
i 1 
f d to 114 days. 

aii a al @ Automatic decimal point. ¢ 
@ Random pulse counting up to 100 K.p.p.s. t 

@ Aut ic unit selection. 
@ Self-checking on the six output frequencies. ee ae s 
t 
@ Facility for printer operation. @ Power Supply: 200/250V A.C. 58 c/s, or | f 

12V D.C. as selected by switch at the back of | 
@ Variable display time, 4 to 5 seconds or infinite. the instrument. I 
r 

| 
a. 

VENNER ELECTRONICS LIMITED, Kingston By-Pass, New Malden, Surrey. MALden 2442 

A member of the Venner Group of Companies 1 
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FILTERS 





Copyright reserved, reproduced by permission of the Controller, H.M. Stationery Office. 


GETTING BLOODHOUND I] 


For the launching gear of the Bristol/Ferranti 
Bloodhound a 15” diameter high pressure axial 
cooling fan was developed specially by Air 
Control Installations Ltd. 

Once again Air Control products have proved 
that they measure up to the most stringent 
specifications. And it is reassuring to know 

| that a firm like Air Control make cooling fans 
for every electronic’s application, 


FANS 





CONDITIONERS 


AIR 








| May we send you full details of the complete ” 
range (from which many models are available O 
~ from stock)? r 
e) 
U 
AIR CONTROL 

- 
- | INSTALLATIONS LIMITED ) 
fe) 

442 RUISLIP - MIDDLESEX - RUISLIP 4066 


LONDON - BIRMINGHAM - MANCHESTER NEWCASTLE - GLASGOW 





LTERS 


c 
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‘¥y omplification 











Interchangeable channels. Unit 
construction. 

Bridge network, energised by stabilised 
5 volt, 3 ke/s. 

Feedback stabilised amplifier. 
Reactive and resistive balance controls. 


S.E.L. Bridge Amplifier Type SE 420 Phase-sensitive demodulator. 
Re Continuously variable and stepped 
and Power Supply Oscillator Type SE 402 sensitivity control. 
rovide an exceptionally stabl Full scale output --4mA into 
— P he , cane _ 50 Ohms for 200nV R.M.S. 
sensitive means of measuring all physical 24 hour gain stability better than 0.5% 
changes that result in variations of resistance, Linearity better than +0.5%. 


19” G.P.O. rack or table mounting. 


inductance and capacity. With suitable 
transducers, this S.E.L. amplifier can play 
an important part in investigating 
displacements, accelerations, pressures, 
strains, torques, etc. Up to twelve 
channels from common power supplies; 
Frequency response 0—500 c/s; suitable 
for static and dynamic measurements. 


We shall be pleased to supply on request, 
full details of this and other ancillary 
equipment. 


S.E. LABORATORIES, LTD. 


Contractors to the Ministry of Supply. AID approved. 
606 North Feltham Trading Estate, 
Feltham, Middlesex, England 
Telephone: Feltham 5876 
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high voltage engineering 





10, 20 and 30 kilovolt regulated supply 





output 
input 
polarity 
regulation 


Type S$0530/5, model C 


1 to 10 kV at 2 mA. Model A 

2 to 20 kV at | mA. Model B 

3 to 30 kV at $ mA. Model C 
200/250 volts, 50 cycles 

positive or negative grounded available 
against full load: better than 0.5% 
against mains variations 
+5%,—10%. Better than 1% 

5” Ernest Turner movement 
current metering jack 

standard 19” x 104” P.O. panel 

for rack mounting or bench use 


£125 


50 kilovolt regulated supply 
Model $0550 

5OkV at JmA 

200/250 volts 


positive or negative grounded available 
against full load: better than 1% 


output 


input 
polarity 
regulation 











dimensions 


against mains variations:+ 5° ,—5%. Better than 1% 
W: 253” H: 23” D: 113” 


—_— 





regulated unit power supply 


a compact and finely engineered 
instrument at a remarkably 
low price 


output volts 


output current 
heater supply 
polarity 

effective resistance 
stability 

ripple 

input 
dimensions 


Regulated unit power supply—type DTR/300 


type DTR—3 models 


350 V, nominal. Model 350 

300 V, nominal, Model 300 

250 V, nominal. Model 250 

any two of these models may be used in series 
0-200 mA maximum 

two supplies at 6.3 volts, 3 amps each 
reversible 

0.1 ohm 

against + or — 10°, mains change: 0.02% 
less than | mV 

100/125 volts—200/250 volts, 45/60 cycles 
9” x & x 7h high 

supplied with sturdy fixing brackets 


£39.10.0 ...... 





regulated D.C. power supplies by Brandenburg 


Contractors to the 
Ministry of Supply 





Brochure on request For further details of the Brandenburg range of standard and specialized equipment, please write for brochure 


BRANDENBURG LIMITED 


139 Sanderstead Road, South Croydon, Surrey. SANderstead 3555/6 
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One thing is settled, our relays always 
come from B & R. 





Oh? We always get ours from Besson and 
Robinson. 









My chief won’t deal with anybody else. 
“B&R”, he says, “there’s nobody to touch ’em.” 
Probably right too. 







Funny that. We’ve got a similar tradition. Only 
with us it’s Besson and Robinson. 






Hey — wait a minute! B&R... Besson and 
Robinson? They must be the same... 







In Harlow New Town 







Yes of course! we’re in full agreement! 





B&R RELAYS LIMITED . TEMPLE FIELDS “ HARLOW -: ESSEX 


Telephone: Harlow 25231/4 Member of Gas Purification and Chemical Company Group 
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Nore seals 
than ever! 


err nani SB titimasesiatte as. cae tn ins sii 





We are continually extending our 
range of standard metal-to-glass seals as 
more and more equipment designers 
realise their advantages. You will find these 
Ediswan seals in such devices as: indicating 
instruments, gyros, vibrators, transistors, 
crystals, relays, transformers and vacuum i 
systems. Increasing use is being made 
of them in the nuclear energy and guided 
weapon fields. These metal-to-glass seals have 
excellent electrical and mechanical properties | 
with the added advantage of being 
available in a wide variety of standard 
designs which can be supplied promptly 
and fitted easily—usually by soft soldering. 
Our present range of seals embodies the 
latest techniques and will almost certainly 
include types suitable for your needs. 
If your product calls for something out 
of the ordinary, let us know; we are 
always ready to develop new seals to 
meet special requirements where necessary. 
Publication R.1843 will give you full 
information about our standard range; | 
you are welcome to a copy. 





J 


Thanks to recent big advances in our metal-to-glass 
sealing techniques, increased production capacity 
and highly developed systems of quality control, we 
can now supply first quality transistor headers at 
competitive prices. We are already supplying many 
well-known transistor manufacturers. If you are 
interested in cutting your transistor manufacturing 
costs, ask us to quote for the type of headers you are 
using and send you samples. 


EDISWAN 


SIEMENS EDISON SWAN LIMITED 
An A.E.1. Company. 

155 Charing Cross Road, London W.C.2 Tel: GERrard 8660 

cac 16/8 





iat =t-tge 
Toro) Ui mrelbl, 

TRANSISTOR 

HEADERS? 
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EXTRUSIONS, LARGE FORGINGS, PLATE, SHEET, STRIP, 
TUBES, AND WIRE IN BRASS AND COPPER, AS WELL AS 





Welding BOOTH light metals 
in the Atomic ag 








DIVERS’ RECOMPRESSION CHAMBERS 


This all-welded recompression chamber, fabri- 
cated in Booth‘ MGS’ alloy, is one of a number 
constructed for the Admiralty by Saunders- 
Roe (Anglesey) Ltd. Perfect welds are vital in 
these high-pressure vessels in which divers are 
placed to gradually accustom them to surface 
pressures. 


These are just three recent important 
engineering applications in which the welding 
of James Booth light metals have provided the 
answer to special problems. In addition to 
producing and supplying high-purity aluminium 
and aluminium alloys, James Booth have 
unique knowledge and practical experience in 
welding and fabricating these materials. 





LIGHT ALLOYS. 


ELECTRONIC ENGINEERING 








Photograph by courtesy of U.K.A.F.A. 


THE ZETA TORUS a 
The ring-shaped torus of Zeta, in which temperatures of up to 
5 million degrees centigrade have been produced at Harwell, 
was welded in 99.5 purity, 1-in. thick aluminium plate produced 
and supplied by James Booth & Co. Ltd. Welding was carried 
out by manual inert-gas-shielded arc process with a consumable 
electrode and automatic arc regulation, at the Works of 
Metropolitan-Vickers. James Booth aluminium has also been 
used for the welded torus liner, supports, and branch pipelines 
of Zeta and for its smaller prototype. Circumferential Argonaut 
welds on the torus are clearly seen. 

IN TRANSISTOR MANUFACTURE ks 

A remarkably low leak rate of under 
10-© litre millibars/sec. has been 
achieved in this high-vacuum furnace 
chamber used in the first stage of 
transistor manufacture. It has been 
welded by James Booth from 1-in. 
thick ‘MGS’ plate, for Services Elec- 
tronics Research Laboratories, using Pee 
Argon-arc process. SS : 

~~ 


es Jods 


A member of the Delta group. 


JAMES BOOTH & COMPANY LIMITED 
ARGYLE STREET WORKS - BIRMINGHAM 7 





TGA 18G 180 
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a wide 
and 


dependable 





G.E.C. are now producing a full range of semiconductor devices 
that are tough, reliable and hard-working. 





e Transistors from low-power r.f. to 64V 12A power types. 


8 ‘ e Junction diodes from high-speed switching devices to 
This range includes :— 400V 8A silicon power rectifiers. 


e Germanium point contact diodes 





e Radar mixer diodes. 


SEMICONDUCTOR DEVICES 


Further information on all G.E.C. Semiconductor Devices 

may be obtained from the G.E.C. Semiconductor Division, 

School Street, Hazel Grove, Stockport, Cheshire. Tel : Stepping Hill 3811. 
or for London Area ring Temple Bar 8000, Extension 10. 
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PRESENTING 


HEWLETT-PACKARD 


524D 





ELECTRONIC 








COUNTER 





New 8-decade numerical readout! 





NUE i eT ND 
8 ene 
New 5/10° per week stability! 
AE Ne 
plus all these frequency and time measuring advantages! 
SPECIFICATIONS Direct, instantaneous, automatic readings 
(Basic 424D without plug-ins) Frequency coverage 10 cps to 220 MC 
ievinnsbies (with plug-in units) 
Range: 10 cps to 10.1 Mc Time interval | usec to 100 days 
Gate Time: 0.001, 0.01, 0.1, 1, 10 secs or Resolution 0.1 usec 


manual 
Accuracy: + | count + 0.000005%, 
Reads in: KC, Automatic decimal 


High sensitivity, high impedance 
No calculation or interpolation 


Period: 
Range: 0 cps co 10 KC New convenience of uniform 8-decade numerical readout without meters— 
Gate Time: | or 10 cycles of unknown new 5 parts in 10* stability simplifying standards and other microwave 
£ 


Accuracy: + 0.3% (I period) 
+ 0.03% (10 period average) 
Stan. Freq. Counted: 1|0 cps, | KC, 100 KC, Counter. 
ice apie wa Electrically similar to the widely used -hp- 524B Counter, the new 524D 
} ‘ , provides for full frequency measurements from 10 cps to 10 MC and period 
measurements from 0 cps to 10 MC. Low cost plug-in units extend 


measurements—this is the capsule story of the new -hp- 524D Electronic 


General: 
Registration: 8 places (99,999,999 max.) frequency measuring range to 220 MC, permit period measurements of over 
Stability: 5/100,000,000. May be standardized 10,000 periods, and increase sensitivity for precise measurement of weak 
with WWV or exseraal 168 KC or | MC signals. Still another plug-in provides for time measurements from 1 usec 
Face SET OCeE ee to 100 days with 0.1 usec resolution. When used with -hp- 540A Transfer 
“Hold” Oscillator, the 524D will measure accurately to 12 KMC. For complete 
Input Voltage: | v min, 1.5 v peak. Rise details, write or call your -hp- representative; or write direct. 


time 0.2 seconds, max. 
Input Impedance: Approx. | megohm; 40 
puf shunt. 


HEWLETT-PACKARD COMPANY 
Represented by 











LIVINGSTON LABORATORIES LTD 


RETCAR STREET - LONDON <: N.19 
Telephone: Archway 6251 
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Send for your copy- 


Free to all interested in transistors— 
contains in loose-leaf form all the 
details and design data you need on the 
full range of Newmarket transistors. 
Enquirers will also receive 
automatically a copy of a companion 
booklet on transistor applications, 
now in preparation, as soon as it 


becomes available, 


: Post today to 
NEWMARKET TRANSISTORS LTD | 
EXNING ROAD, NEWMARKET Newmarket 3381 


Please send me free copy of ‘Semi-Conductor Device Data’ | 


NAME 








TRANSISTORS = 
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BEGKMAN INSTRUMENTS 


tome tT € 0 





announce the 


RB 
DUODIAL 


Turns Counting Dials are available for use with Helical 







Potentiometers and variable Capacitors and with 
many electrical, mechanical, hydraulic and 
pneumatic devices where accurate counting of full 
turns and hundredths of turns is required. 
They may also be used for micrometer type 
readout with devices such as valves or to 


count the revolutions of power driven mechanisms. & 





Of a range of Dials available from Beckman, 
the RB type is available from Scottish 
production and this type is equipped 


with a positive vibration proof lock. 





For further details contact 


ELECTRONICS LIMITED 


GOVETT AVENUE SHEPPERTON MIDDLESEX Walton-on-Thames 6321 
BECKMAN INSTRUMENTS LIMITED - GLENROTHES - FIFE - SCOTLAND 
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The range of Cinch “J” type plugs 
and sockets includes 4, 8, 12 and 
20 way types. Both plugs and 
sockets are suitable for cable 
connecting or for inter-chassis 
connection as unitors. 


The specially designed contacts 
each have 12 resilient fingers which 
engage with the corresponding plug 
blade, resulting in high electrical 
efficiency matched by consistent 
smoothness of operation. 





Suitable for soldered or wire-wrapped connections 











12 way Plug and Socket in Mikacin Moulding 


| Plug and Socket complete with shell 
CARR FASTENER CO LTD : STAPLEFORD : NOTTINGHAM 
London: 197 Gt. Portland St., W.1}] [Phone:*Langham 3253/4/5 Manchester: 50 Newton Street, Manchester1. Central 4057 


Birmingham: Filhill House, 2235 Coventry Rd., Sheldon, Birmingham 26 Sheldon 5208/9 Glasgow: 13 Queens St., 
Glasgow C.1 City 3202 
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“BUILD-IT-YOURSELF” ELECTRONIC KITS 
[| EPPETYE) FOR THE LABORATORY WORKSHOP AND HOME ARE YOUR BEST WAY TO 
SAVE TIME AND MONEY! 


HERE ARE FIVE NEW MODELS.... 





AW-IU AV-3U 


C-3U 


CRaded WEE FE-Fi STEREOS BOOSTER. ......0.0006cccrcicsccecscccccscccsessescscsesceses £5. 19. 6. 
enables low-output pick-ups (e.g. Decca ffss), Tape heads and microphones to load fully 
amplifiers of medium sensitivity. 





Model C-3U RESISTANCE/CAPACITANCE BRIDGE ....................:0:0000e £7. 19. 6. 

Measures Capacitance !Opf (0.0000IuF ) to 1000uF; Power Factor; Resistance, 100 Ohms to 
§-33 5 Megohms, and indicates leakage. 

Model AG-9U AUDIO SIGNAL GENERATOR 0.0000... ccc ccc ccc ccc cce cee eee eee £19. 3. 0. 


10 c/s to 100 Ke/s Sine-wave output, 10 volts down to 3 mV. f.s.d. Less than 0.1% distn. 
Decade frequency selection. DB ranges, —60 + 22. 


Model AW-1U WIDE-BAND AUDIO WATTMETER ....................0.:00000 0 £13. 18. 6. 
Ideal for audio power measurements, 10 c/s to 250 Kc/s; 25 W. continuous 50 W. intermittent. 
Switch-selected non-inductive int. or ext. load. 1% multipliers. 200uA meter calibrated in 
Watts and Decibels. 10 c/s to 250 Ke/s. 





Model AV-3U WIDE BAND AUDIO VALVE-MILLIVOLTMETER............ £13. 18. 6. 
This sensitive and highly stable VVM gatetty measures AC mains, ripple and heater voltages, 
audio input/output, gain in volts and dB’s 


Model S-33 Hi-Fi 6 WATT LOW-PRICE STEREO AMPLIFIER ............... £il. 8. 0. 
Good Stereo/Mono. at normal volume for average room. U/L output; 0.3% distortion at 
2.5 W/Chnol.; ganged controls; printed-circuit. 


Model S-88 Hi-Fi 16 WATT STEREO AMPLIFIER ...0.00............ccccccceceeeeeeee £25. 5. 6. 
Superb quality for the man who wants the best. 0.1% distn. at 6 W/Chni; U/L push-pull 
Output; ganged controls; push-button selection. 





Model DX-40U ‘HAM’ TRANSMITTER ....................ccccccececeeceeceeeeeneeneeees £29. 10. 0. 
Covers all Amateur bands, 80 to 10 metres. 40 Watts to Aerial. Provision for VFO. Power 
input 75 Watts CW, 60 W.pk. controlled carrier phone. 


Hodel SSU-i Hi-Fi SPUARBR SVSTEI ........0ccccccccccsccscccesccsscccesesconcsscsoces £10. 5. 6. 

Ideal for Stereo in average room where both price and size must be kept at minimum consistent 
with a good performance. Frequency range, 40-16000 c/s. Ductive reflex cabinet (“in the 
white’’), Twin speakers. Variable control to balance bass/treble relative levels. Built in an 
PII *Gicachidcutsdtadenteccddnndwlehedclvabuberelabebrasetsiatunaataweegintticeoessianhatt Legs £1. 7. 0. extra 


Model 0-12U 5” FLAT-SCREEN OSCILLOSCOPE 0000.0... 0.0 .cccce ccc cec sence ees £34. 15. 0. 
A splendid general purpose ‘scope. ‘Y’ range 3 c/s to over 5 Mc/s, sensitivity 10mV/cm at 
| Ke. ‘X’ range | c/s to over 400 Kc/s. Time-Base 10 c/s to over 500 Kc/s. Electronically 
stabilised. Printed-circuit boards. 





Model V-7A WIDE-RANGE VALVE VOLTMETER....................0.ccccccceeeeee £13. 0. 0. 
The world’s most popular VVM. Measures AC and DC Volts, Decibels and Resistance. Input 
impedance || Megohms. Printed-Circuit. 


Model VF-IU VARIABLE FREQUENCY OSCILLATOR .......................... £10. 12. 0. 
Gives maximum flexibility to ‘Ham’ transmitters (e.g. Heathkit DX-40U) and avoids crystals’ 
expense. Covers whole ‘Ham’ Bands, (160 to 10 metres). 





Model UJR-l JUNIOR TRANSISTOR RADIO ooo... ccs cee eens £2. 16. 6. 
Sensitive, selective, dual-wave. A grand present for youngsters. 


UXR-I 


Model UXR-I ALL-TRANSISTOR PORTABLE RADIO ......................0005 £16. 18. 6. 
Elegantly styled in solid leather case, dual-wave, 6 transistors, large ferrite rod aerial, fine 
performer-including in a car. Excellent tone. Universally admired. Built in 4-6 hours. 


























SSU-I ' 
' 
(WITH LEGS) hitihiiinied isiimeees,.) FREE ON REQUEST! 
1 WITHOUT OBLIGATION, please send me (Tick Here 
¥ ¢ t t ge 
oon ee en =e | HEATHKIT ILLUSTRATED CATALOGUE..................... 
pews ‘Build-it-yourself’ — g PAPER DOTAILS GF POGOEE OB) o........0..ccccsccccscccccscecoend 
op-quality components, as well as " aa 
the fine pn MP ten and appearance ; Kindly write in BLOCK CAPITALS 
of the finished instruments will fully  , 
satisfy you. Yourjuniorscanassemble NEE” Scurisssiatdidatadiheses adie mavchasapmrrummbtre siaubatiincun Sbpabbdongaihdducuninicsscacnsee wttesniche 
them very quickly and learn as they ; 
build. | ~~~ i.e eee ee eee eee rere ee rere re Tey 
! 
WHY NOT INVESTIGATE, NOW? ' EE dink sidhcs calchaccaunsd cin bpinieer dncculcn gush inca vveniackdoravt cna teenie ueinins 
7 = 5) —— “gembenelssasivahinntiinciasdchdendsasapeebdbinksontvesgawbetpubuubhdiees inmessashcoouscees 
rices include s 
free delivery In the UK-and any P.T. DAYSTROM LTD.. ctovcester, 
’ y ' °9 
‘ ENGLAND. 
0-12U DEFERRED TERMS AVAILABLE : A member of the Daystrom Group, manufacturers of 
: THE FINEST AND LARGEST-SELLING ELECTRONIC KITS IN THE WORLD 
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LOW-VOLTAGE 


STABILISED 






POWER UNIT 


TYPE 10 




















Bi.) 
This transistor-stabilised power unit 
is particularly suited for applications where 
a highly stable d.c..supply is required, 
and is ideal for use in laboratories. 
SPECIFICATION 
Nominal input 230 volts, 50c/s + 8% Stability fess than 1% change in output voltage after 
Output voltage range —6 volts to 20 volts full load run of 5 hours duration, 
continuously variable. Improvement factor 
Output currentrange 0 to 10 amps (5% change in mains voltage 
j compared with resultant change 
Pes ys approx. 1.4% ind.c. output voltage) approx, 150:1 
Equivalent internal resistance —_ less than 0.05 ohm. Rating —_continuous 
Output impedance —_less than 0.15 ohm Eficiency at fullload = 577% 
up te 50 ke/s. Overall dimensions length 174", depth 172”, 
Ripple (at full load) approx. 2 millivolts height 13° (44.5 x 45.1 x 33 ems) 
peak-to-peak. Weight approx. 85 1b (38.6 kgs) 
A quick acting fuse, accessible PRICE 
from the outside of the front panel, 
provides protection against overloads. £ 1 50 
A built-in meter covers the ranges 
0-20 volts d.c. and 0-10 amps d.c. NETT, EX WORKS 
Please address all orders e 
GS & i and enquiries to: 
d . ‘ ELECTRONICS DIVISION lie i 
THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND 
TELEPHONE, RADIO AND TELEVISION WORKS + COVENTRY +» ENGLAND 
G.£E.C. 31 
1959 99 ELECTRONIC ENGINEERING 


JUNE 








EE 10 102 for further details 





STORNO 
RADIO LINK 
EQUIPMENT 
FOR 6 TO 60 


VOICE CHANNELS 
FREQUENCY BAND 


156-174 Mc/s, 
275-325 Me/s 


OR 360-470 Mc/s 





Storno 


Division of The Great Northern Telegraph Co., Ltd. 
Ved Amagerbanen 21 Copenhagen $ Denmark 











Storno 





Post Office Administrations and Private 
Companies in Denmark, The Faeroes, Norway, 
Sweden, Finland, Iceland, Holland, Greece, 
South America, South Africa, etc. 

choose Storno -for: 


Performance, Reliability, Price, and Design. 


STORNO Multichannel Radio Link Equipment 
type CQF100 is- frequency modulated and 
will carry a maximum of 60 telephony channels 
meeting CCIF specifications. This equipment 
is suitable for radio links where Post Office 
standards of quality and reliability are 
required. It is designed with a special view 
10 easy maintenance by unskilled personnel. 


The equipment is suitable also for 
Telemetering, Telecontrol, Teletype, Facsimile, 
etc., alone or combined with speech channels. 
Simultaneous transmission of two broadcast- 
ing channels is possible. 


Facilities are provided for an Engineer’s 
Service Line, (E.0.W.), Remote Control, and 
Remote Failure Alarm. 


A Meter Panel with 40 push buttons enables 
complete supervision of radio frequency 
levels, frequency deviations, and all important 
voltages and currents. 


The radio frequency equipment proper consists 
of a number of easily replaced plug-in 
subunits. An Aerial Branching Filter permits 
the use of a single aerial system for 
transmission and reception. 


When Standby Equipment is used, automatic 
changeover from main to standby equipment 
can be arranged. 


Special Transmission Measuring Sets are 
available for supervision of overall 
transmission performance. 


STORNO aerials are of rugged construction 
and low wind resistance. Single aerials may 
be combined into more complex arrays for 
higher gain. 
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There is nothing special about 


DIGITAL TACHOMETERS 


++ after all they are simply devices for measuring pulse rates. 


Instruments to do precisely this have been manufactured by us for 
years — ever since in fact we developed and introduced the Dekatron 
range of cold cathode counting tubes, nearly a decade ago. 

Circuits and layouts pioneered by Ericsson have passed intu 

universal use and we regard it as a compliment that many other 
manufacturers utilise these tubes as the basis of their designs. 

Our design and development programme, backed by knowledge and 
wide experience of these techniques and guided by an awareness of 
customer needs, has enabled us to produce standard instruments 
which will meet all normal digital tachometer requirements. 

All these instruments have features which permit them to be 

used in other industrial fields, e.g. interval timing. 

The recently introduced range of counting sub-units, 

has enabled us to meet and solve an increasing number of applications 
problems on an even wider front. 

As a result of this progressive policy you can 

have ‘‘tailor made’’ or standard instruments of any complexity 


at prices which cannot be bettered. 


Please do not hesitate to call on our application engineers—they 


are always at your service for all counting problems. 











INEXPENSIVE 





SIMPLE TO OPERATE 


TYPE lol TYPE 14 TYPE 103 
Speed No lower limit to 210,000 r.p.m. No lower limit to 1,200,000 r.p.m No lower limit to 6,000,000 r.p.m, 
Frequency No lower limit to 3,500 c.p.s. No lower limit to 20,000 c.p.s No lower limit to 100,000 c.p.s. 
Time 100 m S$ to 100,006 secs, 100 m S to 1,000 secs, 100 u S to 10,000 secs. 
Mains time base Mains time base Crystal control of internal 


time standard 





RELIABLE IN SERVICE 


Alternative time base 


10 K.p.s., | K.p.s. or 100 c.p.s. 


External—less than 20,000 c.p.s. 
or external—less than 100 K.p.s. 


External—less than 3,500 c.p.s, 





BUILT TO LAST 


Input Sensitivity 


-5 volt «I vole -5 volt 
-1 volt with pre-amplifier 





Timing Periods 


«1 to 1.2 secs. in .1 sec. steps I to 10 secs. in I sec. steps 0.1, lor 10 secs, 
I to 12 secs. in | sec. steps 


Longer periods easily set up 





If you would like complete details, 
please write to:— 


Time Measurements in 


10 pS, 100 pS, 1 mS or lOmS 


10 m S with mains time base 
50 up S min. with external 


10 m S with mains time base 





























ERICSSON 





ERICSSON TELEPHONES LIMITED, HEAD OFFICE: 22 LINCOLN’S INN FIELDS, LONDON, W.C.2. 


E113/91 
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Units of -— 286 y S min. with external 
time base of 3,500 c.p.s, time base of 20,000 c.p.s, 
Display Time Variable 12 secs. (less count time) 1, 2, 4 or 8 secs, 
in | sec. increments 
Price From £220 From £250 From £223 
HIGH CHURCH STREET, NEW BASFORD, NOTTINGHAM. Tel. No: 75115 


PEOPLE WHO COUNT USE ERICSSON 


Telephone: HOLborn 6936 
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‘GENERAL RADIO’ TYPE 1391-B 


PULSE, SWEEP AND 
TIME-DELAY GENERATOR 




















Generator Characteristics Accepts 





























Direct synchronizing pulse timed by Sine Wave, See 
the input signal. External PRF Drive - pt Doge 250 Kch 
Delayed synchronizing pulse accu- ' ‘ 

rately adjustable in time by delay genera- Hear : hronizing Period 
tor. Built-in coincidence circuit for Synch ig Pulse LK 100 a s — ay ve . ~3 

timing the delayed synchronizing pulse ' : 

by externally generated pulses fed into Delay = _- a — | psec to I+! see. 

the instrument. ' : a 
Push-pull sawtooth voltage of suffi- + avd Jiccer ‘fe 

cient amplitude to be applied to the Delayed Sync Pulse : : 3-1000 see 

deflection plates of oscilloscope for exa- Coincidence Gate —— ar aaa 

mining the generator’s output pulses, or ' 

for use in driving auxiliary equipment. susan Duresion odin 
Push-pull gating pulses with same Push-Pull Sweep Linearity better than 1% 
duration as the sweep.—————_ Sweep Gate 

Positive or negative pulses with 

excellent shape characteristics, contin- ° Ground pi yc 
uously adjustable in duration, amplitude, Push-Pull Pulse ae TGfSz0 or DC ae (to 11 sec with aid of delay circuit) 
impedance level, and delay with respect 

to (a) the direct sync pulse and (b) the Output Impedance 
sweep. Zo= 50 to 600 Ohms 























* Fast Rise and Decay Times — Better than *% Coincidence Circuitry for Multiple Pulsing 


0-015usec. and Time Selection. 
* a with Durations from 0-025 #% Circuits Stable against Hum and Line Transients. 
usec to 1-1 sec. 
Time Delays f; l: tl *% Variable Output Impedance for Correct 
# Time Delays trom Iusec to II sec. Termination with Variety of Transmission 
# Linear Sweep Voltage from 3usec to 0-12 sec. Lines. 
#* NO Duty Ratio Restrictions. * Extreme Versatility — Panel Controls for 
an i Important Pulse Characteristics. Terminals 
* hin Small Jitter and oneiest. provide ready access to Sync Pulses, Gates, 
* High Accuracy and High Resolution Throughout Delayed Signals, Pulses, and Internal Sweeps. 





Write for complete information. 


Valley Works, Ware Road, Hoddesdon, Herts. 
* Telephone: Hoddesdon 3007 (4 lines) 
76 Old Hall Street, Liverpool 3, Lancs. 
Telephone: Central 4641 /2 


CL/49/1A 
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Smaller... lighter... more efficient 


‘ENGLISH ELECTRIC’ specialise in ‘C’ and ‘E’ core transformers 


HERMETICALLY : 
for Inter-service, Industrial, Aircraft and all other applications 


SEALED, in electronics where the need is for increased efficiency 
RESIN CAST, in less space and with less weight. 

OPEN TYPE OR For quotations for transformers and chokes 
COMMERCIAL to your specifications, write to: 

GRADE The English Electric Company Ltd., 


Transformer Sales and Contracts Section, 
East Lancashire Road, Liverpool 10 


ENGLISH ELECTRIC 


os C’ and ‘E’ core transformers < 


THE ENGLISH ELECTRIC Company LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2 


WORKS: STAFFORD . PRESTON ° RUGBY ° BRADFORD ~+ LIVERPOOL + ACCRINGTON 


TRANSFORMERS 


TFL.34 
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The new and unique Mullard cold cathode 
counting tube Z302C can be coupled directly to 
adjacent stages with consequent elimination of 
interstage amplifiers and many components. 
This tube, which provides visual indication, 
operates with a single pulse drive. A typical cir- 
cuit with two tubes in cascade is shown below. 
Write today for details of the Z302C and other 
Mullard cold cathode decade tubes — Counting 
Tube Z303C (CV2271), Selector Tube Z502S 
(CV2325) and Indicator Tube Z503M. 


TYPICAL BASIC CIRCUIT 
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Commentary 


Bones output of scientific information has been increasing 

at an enormous rate in the last decade or so, but it has 
been recognized for some time past that the time available for 
reading and digesting this ever-growing volume of informa- 
tion is strictly limited and indeed there are many who 
declare that it is getting less. 

The problems associated with the publication of specialized 
technical information are of great concern to us, and par- 
ticularly welcome, therefore, is the appearance of a survey* 
recently carried out at the request of the Department of 
Scientific and Industrial Research as part of a programme of 
inquiry into the dissemination to industry of the results of 
scientific and technological research. 

The terms of reference were, broadly, to examine the use 
made of technical literature by industrial technologists in the 
United Kingdom, and, because of the wide diversity of 
industry as a whole it was decided that the most fruitful and 
most accurate results could be obtained if its activities were 
confined to the electrical and electronic industry of this 
country. 

A survey of this kind must of necessity be made on a 
selective basis if it is to be kept within reasonable bounds, 
and was therefore limited to industrial establishments with 
between 200 and 1 000 employees and attention was focused 
on those individuals engaged in research, development and 
production and who were likely to influence or be influenced 
by the use of technical information. 

Similarly, technical information was confined to that 
making its appearance in the journals of the relevant 
professional institutions and to periodicals. 

Scientific reports coming from the various research 
laboratories of the Government and the D.S.I.R., which 
must constitute a large proportion of the reading matter— 
how much it is difficult to estimate—are excluded from the 
survey. Likewise, scientists and technologists in the Govern- 
ment Research Establishments and the Universities are 
left out. 

Nevertheless, with these restrictions of readers and reading 





* “The use of technical literature by industrial technologists.’’ — A report by 
Christopher Scott on a Survey designed by Leslie T. Wilkins, Central Office of 
Information. 
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matter, the survey seeks to find out who reads what and 
when. 

In the industrial establishments the average reader engaged 
in research and development, emerges as an individual of 
35 years of age occupying his present position for three to 
four years in the firm where he has spent the last seven to 
eight years. If engaged in management he is ten years older, 
although there is no evidence that he has advanced in the 
hierachy from the research laboratory, but in research and 
management alike, only one in five appears to have academic 
or technical qualifications. 

What constitutes reading matter is capable of wide 
interpretation and this accounts for the variety of journals 
each with its own technical level and content. No single 
journal can hope to cater for all needs and tastes, but the 
survey at least indicates a preference and this is for one of 
medium difficulty containing no reports of fundamental 
work, but among other things a large number of advertise- 
ment pages including a section for appointments vacant. 

Wisely perhaps, no attempt is made to establish any order 
of importance. 

Having dealt with readers and reading matter, the survey 
proceeds to ascertain when for the most part the technical 
reading is done. Pressure of work in an industrial establish- 
ment seems to preclude reading in the firm’s time and it is 
perhaps only in Government Research Laboratories and 
Universities that the reading and absorbing of scientific 
information is acknowledged and accepted as “‘work”’. 

Elsewhere, ‘man goeth forth to his work and to his labour 
until the evening’ and reading must be done at home where 
social and domestic interests compete for his time. Two- 
thirds of those interviewed do in fact settle down to their 
more serious reading when the day’s work is done. 

There seems to be no complete solution to this problem 
other than the obvious one, although some attempt has been 
made, particularly in the larger organizations where the 
requisite facilities exist, to alleviate these conditions by pre- 
liminary selection and by the preparation of abstracts, and 
so on, but if it is still true that “treading maketh a full man” 
he must not be put on a prescribed diet, but be left to browse 
at will. 


ELECTRONIC ENGINEERING 








A Sine-Wave Generator with Periods of Hours 


By G. Klein* and J. M. den Hertog* 


By means of an ‘inverse-function generator’ it is possible to derive a triangular voltage accurately 
from a sinusoidal one. By applying negative feedback the reverse can also be achieved. Making use 
of this possibility an ulta-low frequency sine-wav? generator was designed for maximal periods of 34 
hours. The distortion is then negligibly small. If a slight distortion is permissible, this period can be 
increased considerably. An important feature of this generator is the fact that no transient 
phenomena occur. The inverse-function generator can also be used for various other purposes, one 
of them being a logarithmic voltmeter covering the range from approximately 10mV to some 
tens of volts. 


(Voir page 376 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 381) 


Fok some purposes it would be desirable if sinusoidal 
voltages with a very low frequency were available. 
Especially in the study of mechanical vibration phenomena 
and in the automatic control field characteristic periods 
of minutes or even hours may occur. In this connexion 
it is interesting to investigate what period can still be 
realized with the aid of electronic components only. A 
possible lowering of the frequency with the usual phase- 
shift oscillators! (RC- or Wien-bridge type), is limited for 
the following reasons: 


(1) With these oscillators the switching on of the 
apparatus and the changing of the frequency give 
rise to transient phenomena which take 5 to 10 
periods to die out. This would become highly objec- 
tionable in the case of long periods. 


(2) The amplitude-limiting element required for suppres- 
sing the distortion in the simple circuits must have a 
time-constant which is a few times greater than the 
longest period, so as to ensure that this element does 
not correct instantaneously, but takes the average of 
some periods. With these large time-constants, how- 
ever, the faster disturbances will hardly be corrected, 
so that these should be kept as small as pos- 
sible, thus making extra high demands on the 
stability of the circuit. These difficulties may be 
obviated by generating, simultaneously with the 
desired voltage, another voltage with the same ampli- 
tude and frequency, but shifted 90° in phase with 
respect to the first and by supplying both voltages 
to a square-law response element (for instance, a 


thermistor with two heating coils). In this case the - 


amplitude is measured continuously (V? sin? wt + 
V* cos" wt = V*) and the time-constant of the ampli- 
tude-limiting element can then be greatly. reduced, 
which is advantageous with a view to the correction 
of possible disturbances. 


The objection stated under (1) remains, however, and 
therefore sinusoidal voltages have been made by distorting 
triangular voltages by means of diodes or other non-linear 
elements. The reason for this is that by using good capa- 
citors, triangular voltages of comparatively long periods 
can be made without experiencing appreciable difficulties. 
In this manner good sinusoidal voltages can be obtained. 
The degree of accuracy is governed mainly by the number 
of steps in which this transformation is effected and by the 
constancy of the characteristics of the non-linear elements. 
A feature of the method described in this article is that the 








* Philips Research Laboratories—Eindhoven, Netherlands. 
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sinusoidal voltage is exactly derived from a triangular one. 
This is achieved by making use of an inverse-function 
generator, a device also suitable for other applications. 
Before giving a description of the sine-wave generator the 
principle of this inverse-function generator and some of its 
applications will be dealt with. 

Finally, it is noted that the u.l.f. generator described here 
produces no transient phenomena, except for a short 
warming-up effect after switching on. 


The Inverse-Functicn Generator 
The principal part of the inverse-function generator is 
formed by a difference amplifier (Fig. 1). 





(3) 




















Wi aera DIFFERENCE ” 
Vin tH AMPLIFIER eaeiechsce: » Vout 
(2) o——+ ta) pa G6) 





Fig. 1. Basic circuit for inverse-function generator 











Fig. 2. Voltages at different points in Fig. 1 


In principle a difference amplifier only amplifies the 
potential difference between the input terminals (1) and (2) 
and not the voltage difference which these points have in 
common with respect to earth. The degree to which this 
actually happens is determined by the rejection factor’, 
i.e., the ratio between a common voltage difference on (1) 
and (2) with respect to earth and the voltage difference 
between these points which produces an equal voltage differ- 
ence between the outputs (3) and (4). By increasing the 
amplification to a very high level and by keeping the out- 
put voltage between an upper limit Va and a lower limit 
Vix by means of a limiter, it can be ensured that the follow- 
ing very close approximation applies (Fig. 2): 

Vout (=Vs-6) = Vu for Vi-2 positive 
Vout = Vx for Vi-2 negative. 
In reality there will be some ‘ crossover ’, but by. selecting 
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the limits closely together and by making the amplification 
sufficiently large, the influence of this area can in most 
cases be made negligibly small. 

It is now possible to obtain an inverse-function generator 
from the circuit shown in Fig. 1 in the following way. 

Assume the voltage on point (1) to be a periodic function 
of time, e.g., a repeated exponential function as shown in 
Fig. 3(a). A voltage V2 is applied to point 2. The output 
voltage will now have the shape as shown. The height of 
the pulses is always Vx — Vz. The width A can be found 
from the following calculation 

Vi = Vy e/BC, thus V2 = V; e~4/8° and 


A= RC In V;/V2 or A = const. — const. In V2 
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(b) 


Fig. 3. Principle of inverse-function geverator 


By taking the mean value of Vou the following is thus 
achieved: Point (1) receives a periodical voltage which is 
an exponential function of time within the period. The 
output voltage Vout is now proportional to the logarithm of 
the voltage on point (2). 

It will be clear that V2 need not be a direct voltage, but 
the highest frequency therein must be small compared with 
the frequency of the scanning voltage V:, so that it is always 
possible to take the average of a sufficient number of 
periods. 

What applies here to a voltage which is an exponential 
function of time. also applies to other functions of time. 

If V1 is a sinusoidal voltage V; sin wt, Vout is determined 
by: 

Vont OC arc sin V2 / Vy 

This transformation is the basis of the ultra low fre- 
quency: generator, as will be shown in the next paragraph. 

If it is assumed that Vi = V;#’, then Vout OC VV2. 

Another possibility is that the scanning frequency of V; 
is determined by V; and that at every flyback a pulse arises 
whose height and width are independent of V2 (Fig. 3(b)). 
In this way the reciprocal of the inverse functions is 
obtained, e.g. : 

Vi = ct gives Vour & (V2)! 
Vi = cf gives Vout OC (V2)-* 
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It is thus possible to realize by means of this inverse func- 
tion generator rather intricate relations between Vou and 
V2 starting from relatively simple time functions. 

By making use of the possibility of making the output 
voltage proportional to the logarithm of a voltage, a 
logarithmic valve-voltmeter can be made. In principle this 























Fig. 4. Schematic of logarithmic voltmeter 
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Fig. 5. Sine-triangle transformation 
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Fig. 6. Principle of ultra-low frequency generator 


circuit consists of a conventional, direct-coupled difference 
amplifier, the output voltage of which is integrated (Fig. 4). 

Input (1) receives an exponential voltage which is derived 
from a square-wave voltage with the aid of a high-pass RC 
filter. Both positive and negative voltages (V) may be 
applied to point (2). In this case a voltage which is propor- 
tional to V/|V| . In |V| is measured between the output 
terminals (3) and (4). 

The amplitude of the square-wave voltage is selected 
some tens of per cent greater than |V2|max, while the voltage 
on point (1) must drop to a value which is many. times 
smalier than {V2|min, the smallest voltage to be measured. 
If the latter condition is not fulfilled, the zero-level of the 
exponential voltage will change and this will give rise to 
inaccuracies at the lowest voltages. 

The highest voltage that can be dealt with by normal 
difference amplifiers is a few tens of volts. If the amplifica- 
tion is sufficient the lowest voltage is determined by the 
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drift of the amplifier which, with some care, can be re- 
duced to less than ImV. This limitation will be indeed 
decisive for 1.f. and d.c. amplification. In the case of h.f. 
amplification a smaller overall amplification will be the 
limiting factor, as the ‘crossover’ shown in Fig. 2 will 
become a substantial fraction of the total duration of the 
pulse and can no longer be neglected. It is therefore pos- 
sible for a |.f. logarithmic voltmeter to cover the range from 
10mV to 50V without any particular trouble. True, this 
range is relatively small (3-7 decades), if compared with 
the logarithmic current meters based on the logarithmic 
relation between current and voltage of diodes in the 
retarding field region, but these cannot readily be made 
suitable for measuring voltages in the millivolt range. 


Ultra Low Frequency Generator 


PRINCIPLE 

If a sinusoidal voltage with a sufficiently high frequency 
is applied to one input (1) of an inverse-function generator 
(Fig. 5), the output voltage (3) will depend on the voltage 
on (2) according to an arc-sine function. Expressed in a 
formula: If Vi = Vr sin wt and V2= V2 then V3; = V arc 
sin V2/V;. Assuming V2 to be a sinusoidal voltage with 
a low frequency compared with that of V:, but with 
the same amplitude (V;), the time dependence of V3; will 
be as shown in Fig. 5: a triangular vcltage, the amplitude 
of which is determined by the limits Vu and V1, of the 
inverse-function generator, but whose frequency is equal to 
that of V2. In this way. a sine-triangle transformation is 
effected. The reverse is now achieved by means of negative 
feedback (Fig. 6). 

Because of the negative feedback to point (2), point (3) 
is forced to follow a triangular voltage on point (4). If this 
triangular voltage has the correct amplitude corresponding 
to the one shown in Fig. 5, a sinusoidal voltage with the 
amplitude of the h.f.-sinewave on (1) and the frequency 
of the triangular voltage will be present at point (2). Correct 
adjustment of the amplitude of the triangular voltage on 
(4) is ensured by the fact that the voltage on (3) determines 
the points of reversal, as will be shown in the description 
of the circuit. In the following paragraphs the various parts 
will be described in greater detail. 


Fig. 7. Inverse-function generator used in u.1.f. generator 
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Fig. 8. Basic circuit of triangular voltage generator 


INVERSE-FUNCTION GENERATOR 


The diagram of the inverse-function generator used is 
shown in Fig. 7. It consists of a two-stage difference ampli- 
fier. In the first stage a cascode circuit is used. Together 
with a large differential cathode-resistor (V3) this circuit 
guarantees a reasonably high rejection factor. For the 
circuit proper a relatively low rejection factor suffices, but 
a high rejection factor reduces the demands made on the 
stabilization of the supply-voltages. 

The voltage fluctuations on the anodes of this stage 
(a, and a) are limited by means of the EB91 diodes. The 
anodes are connected with the grids of the second stage 
by means of the potentiometer circuit consisting of a 
1:-5M©. resistor and 4 700pF capacitor in parallel, in series 
with an artificially increased resistor, Vs. This potentiometer 
circuit permits of a considerable drop of level without any 
loss of amplification. In view of the connexion to the other 
equipment it was desirable to connect the anode resistors 
of the second stage to earth. 


The smoothing is effected by the capacitors parallel to 
these resistors. The total amplification of this inverse- 
function generator is not 
particularly high, since the 
values selected for the in- 
put signals to I and II may 
be relatively high (some 
tens of volts), so that a 
sufficiently high degree of 
accuracy can already be 
attained at fairly low 
amplification levels. RV; 
and RV; are used for 
balancing the two stages 
while the correct level for 
the anodes a; and a2 can be 








obtained by means of RV». 


TRIANGULAR VOLTAGE 
GENERATOR 

It is not very difficult to 
produce triangular volt- 
ages with a period of a 
few minutes. It becomes 
increasingly difficult, how- 
ever, to extend this period 
to a couple of hours. In 





principle such a_ voltage 
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will be generated by having a capacitor charged by a con- 
stant current. The limiting factors are: 


(1) Leakage of the capacitor: for obtaining these long 
periods a large capacitance will be preferred (some 
tens of microfarads), so as to make the demands on 
the other determining factors not too exorbitant. For 
good capacitors of this value mounted in the 
apparatus, leakage resistances corresponding to RC 
values of more than 10°sec were found, so that in the 
case of periods of a few hours (10sec) this factor 
would not necessarily. be limiting. 


(2) The constancy of the charging current: as one prefer- 
ably wants to generate a reasonably high voltage, the 
circuit must be such that the charging current is 
independent of the voltage on the capacitor. 


(3) The capacitor must be connected to the grid of an 
amplifier valve. The grid current of this valve should 
preferably be very small throughout the entire voltage 
range. 


The circuit diagram is shown in Fig. 8. The points a and b 
follow point g accurately, but on a d.c. level which is 
approximately 85V higher or lower than that of g. By con- 
necting g to one of these points via a resistor the capacitor 
C is charged or discharged. A rough calculation (in which 
the internal resistance of the stabilizer tubes is neglected 
and a high amplification factor for the triodes and a high 
R. value are used) gives the following result: a follows g, 
consequently Aiz = AV./Ra. Ai; and Ais are very small, 
thus Aji, must be supplied by valve V2, which requires a 
voltage variation Aji2/S; = AV,/S2Ra on the grid for this 
purpose. (S, = transconductance of valve II). This voltage 
variation requires Ai; = Vz/S2Raw2Ra, which is achieved 
by creating a potential difference between the grid and the 
cathode of Vi, viz. of AV./S2RaaSiRa, a and b follow 
g but for the fraction 1/S; RaiwS:Rae, which is a few 


Fig. 9. Complete circuit for triangular voltage generator 
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Fig. 10 (a) Circuit used for the measurement of grid-current 


Fig. 10 (b) Anode-and grid-current of triode E80CC versus grid potential for 
different anode voltages 


thousandths at most in the circuit used. This calculation 
is permissible because R, is indeed many. times greater than 
R.2 and, moreover, because V: in the circuit used is a triple 
cascode. This was done for the following reason: 


A simple calculation shows that the grid current i, of Vi 
must be small. If the capacitance is assumed to be 40uF 
and if the voltage sweep is 50V, the resulting value is 2mC 
which must be supplied or carried off within half a period. 
For the longest period (approximately 12 500sec) this 
means a current of about 0-3uA. The grid current should 
therefore be preferably smaller than 10-°A over the whole 
voltage range, a requirement which is not met by most 
valves without special provisions. In the circuit (Fig. 9) a 
triode E80CC is used in such a manner that its working- 
point remains unchanged, through the entire voltage range. 
This is achieved by means of the double cascode arrange- 
ment. The working-point is now so selected that the grid 
current is small. Fig. 10 shows a few characteristics for the 
triode E80CC measured in the arrangement represented by 
Fig. 10(a). By choosing a working-point at T the grid 
current 1s made zero, but in this point small changes in the 
supply voltages can cause a large grid current. Therefore 
it is better to choose the working-point at the left of B. The 
grid current is then of the order of magnitude of 10~-” A, 
which is sufficiently small. 

The working point of the valve is adjusted by means of 
potentiometer RV; which determines the current through 
the cascode, The voltage difference V, — V. is made equal 
to V; — V» by means of RV;, so that the leading and trail- 
ing edges of the triangle have the same slope. 


The measured results were as follows: 


For AV, = 50V (from —25 to +25V) it was found that, 
A(V;, — Vv) = 74 . 10°V and A(V, — Va) = 45 . 10-°V. 

The point h is connected to a or b with the aid of relay 
A which forms part of the control circuit of the triangle 
voltage generator (Fig. 11). The direction of the triangu!ar 
voltage must be reversed at the moments when the anodes 
of the second stage of the inverse-function generator have 
reached earth potential: in that case one of the two halves 
of this second stage has become completely non-conductive, 
which corresponds to one of the extreme positions. 

The control circuit, consisting of two equal parts, ensures 
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that relay B or C is actuated at the moment when the 
anode b; or bz (see Fig. 7) has reached earth potential. 
Contacts on this relay so operate relay A that h is connected 
to the correct point (a or b). The contacts of the relay are 
represented in ‘the drawing in non-energized position. The 
right moment of changing over is adjusted by means of 
potentiometer RV». A delayed changeover means that the 
inverse-function generator leaves its range of control. 
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Fig. 12. 


Feedback amplifier 


A slightly. premature changeover, however, only means that 
the sinewave retains its peak value for slightly too short 
a time. 


OTHER PARTS 


The diagram of the difference amplifier used for the 
negative feedback is shown in Fig. 12; it is a two-stage 
amplifier, one input of which is connected to b:—one of 
of the outputs of the inverse-function generator—while the 
other input is connected to the output of the triangular 
voltage generator. The sinusoidal voltage on (II) is applied 
to the output via a cathode-follower. 


The diagram of the auxiliary oscillator supplying the 
voltage for input (I) of the inverse-function generator is 
given in Fig. 13. It is an oscillator of the Wien-bridge type, 
in which the amplitude is limited with the aid of a minia- 
ture thermistor. 
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The output voltage was approximately 18V r.m.s. This 
is also the amplitude of the Lf. sinusoidal voltage. Though 
the frequency constancy of such an oscillator is quite good, 
this is no requirement for the circuit in question, as the 
frequency of the auxiliary voltage determines neither the 
frequency nor the amplitude of the 1.f. sinusoidal voltage. 

The schematic of the. power supply for the entire 
apparatus is shown in Fig. 14. Besides a stabilized positive 
and negative voltage of approximately 300V each, a stabi- 
lized heater voltage is also supplied for some valves. The 
positive and negative supply voltages are obtained by first 
generating a stabilized voltage of 600V and then stabilizing 
its negative side at a level of —300V with respect to earth. 
This can be done in this case, as most of the current passes 
between the +300V and not to earth. 

The stabilized heater voltage is obtained by including a 
variable load in series with the load; the value of this vari- 
able load is determined by the adjustment of the EL41 
valves. The reference element used’ is a saturated DL66, 
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Fig. 13. Auxiliary oscillator 


the anode current of which depends on the temperature of 
the filament. This circuit thus stabilizes the effective value 
of the heater voltage, which is in fact the requirement. 


Results 

The apparatus yields sinusoidal (and, of course triangular) 
voltages with periods from 20 to 12 500sec variable in 20 
steps. Fig. 15 shows the reproduction of the output voltage 
for one of the longest periods. 


An amplitude constancy better than 1 per cent is attained 
owing to: 


(1) The good amplitude constancy of the auxiliary oscil- 
lator (by placing the thermistor in a copper block 
the influence of the rapid fluctuations in the ambient 
temperature were eliminated); 


(2) The stabilization of the supply voltages. It was found 
that for 10 per cent changes in the mains supply the 
heater voltage of some valves, especially in the tri- 
angular voltage generator and in the inverse-function 
generator had to be stabilized by about a factor 30, 
while a stabilization of approximately 250 for the 
positive and negative voltages is desirable. The supply 
voltage used fully meets this requirement. 

The output signal was 50V peak-to-peak. 


Conclusion 

From the foregoing it follows that the ultimate limita- 
tion is formed by the leakage of the capacitor in the tri- 
angular voltage generator. If it is a matter, however, of 
generating a voltage at one single frequency only, good 
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Fig. 14. Power supply 
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Fig. 15. Recording of output voltage 


Fig. 16. (a) Finite RC time (b) Ideal. case 
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results may be obtained even with the 
aid of relatively poor capacitors, pro- 
vided that the correct point of reversal 
(Fig. 11) is adjusted by means of the 
potentiometer RV». Fig. 16 will elucidate 
this. The curve (a) represents the charg- 
ing of the capacitor, with leakage, during 
1 period. The ideal curve (b) with the 
same initial slope as (a) follows from the 
latter. If the determining time-constant 
for curve (a) is rsec and the period is Tsec, the correspand- 
ing output voltages can be described as follows: 


Voutiay) = Vr sin K (1 ett) 
Vout(b) = Vr sin (Kt/r), in which K = 2z27r/T. 


In this equation it has thus been assumed that the point 
of reversal of (a) coincides with that of (b), so that it is 
determined by: the moment when (b) and not (a) reaches 
the point of reversal. The relative difference between the 
two is therefore: 


sin K (1 — e* ) - sin (Kt/r) 
sin (Kt/7) 


For the first approximation an extension of the progression 
yields: t/27 [1 — (27/7?) . ¢*] which function has a maxi- 
mum for approximately t = 7/8 and then assumes the 
value 4-5 7/7 per cent, so that 7 need only be equal to ST 
to reduce the distortion to less than 1 per cent, With some 
precautions it is possible to obtain periods of tens of hours 
in this way. The question is, however, whether there is any 
need of such long periods. 
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Automatic Tracing for Gas Cutting Machines 


By J. S. Cheverton*, B.Sc., P.Eng., A.M.I.E.E. 


The equipment described in this article has been designed to obviate the need for guiding a gas 

cutting machine by hand or the need for expensive metal templates. The equipment consists, essen- 

tially, of an optical sensing head which forms part of a closed loop servo system and by its means 

intricate patterns can be cut from the guidance provided hy a simple line drawing. The equipment 
can be attached to existing gas cutting machines. ~ 


(Voir page 376 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 38!) 


*y INATROL ° automatic tracing equipment is designed 

and built to eliminate either the tedious task of 
guiding a gas cutting machine by hand, or the very expen- 
sive metal templates which are required for mechanical 
followers. 


The equipment consists essentially of the line tracer head 
and its associated electronic equipment, and is designed for 
attachment to any regular type of gas cutting machine. It 
will became apparent by the following, that this system is 
ideally suited to gas cutting applications, but is nevertheless 
based upon a very flexible design principle. 


General Background 

In a typical gas cutting 
machine the left-hand table con- 
sists of the sheet of steel which 
is to be cut, according to the 
pattern or template which is 
placed on the permanent right- 
hand table. By means of a panto- 
graph arrangement a follower 
circumscribing the pattern con- 
tour causes the gas torches to 
repeat that pattern and thus to 
cut out the required shapes in the 
steel. The constant torch speed 
necessary to produce smooth cut- 
ting is provided by a motor- 
driven tracking wheel which is 
steered across the template 
table either by a human opera- 
tor as he guides the tracing 
wheel along suitable guide lines or by some mechanical 
arrangement of template and tracing wheel. 


These two steering systems both have distinct inherent 
disadvantages : 


(1) The human operator introduces human errors, and 
limitaticns. 


(2) The mechanical templates are expensive to make and 
store and may be extremely heavy and cumbersome. 


The Linatrol steering system does not require expensive 
templates, it is automatic, extremely accurate, and drift free. 
The line tracing head is an integral component of a closed 
loop servo system which will allow the cutting of intricate 
patterns from a simple line drawing. This drawing may be 
any combination of a dark and a light colour between which 
the tracing head can discriminate. 


The main elements cf a Linatrol tracing system are: 
(1) A tracing head which is coupled to the tracking wheel 


* Canadian Westinghouse Company Limited. 
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Fig. 1. Optical sensing head 


of the template following section of the gas cutting 
machine. This unit incorporates: 
(a) Optical sensing head 
(b) Servo steering motor, with a tachogenerator 
(c) Gears 
(2) An electronic servo amplifier 
(3) Switch controls. 


Basic Operation 

The basic component of the control equipment is the 
tracing head, which is driven across the template table by 
the tracking wheel drive. The 
tracing head is designed to follow 
a pattern consisting simply of a 
line drawing, by generating a 
steering signal. This signal is 
produced by the optical sensing 
device and is then fed to the 
servo amplifier. The amplifier 
provides the correct impzdance 
matching, phase shifting and 
amplification that is required to 
operate the servo steering motor. 
This motor maintains the optical 
sensing device over the line 
of the pattern at all times by 
providing the correct steering 
to the tracing wheel. The 
tachogenerator is simply used 
to provide _ stabilization to 
the servo system, as in normal 
closed loop servo practice. 


The Tracing Head 

The optical sensing device consists of two main parts— 
an upper section, and a lower section. (See Fig. 1.) 

The lower part is rigidly mounted to the frame of the 
tracing head and has mounted within it a bi-convex lens of 
suitable focal length, so positioned that it throws the image 
of a small portion of the pencil line pattern to be traced 
on to the photocell. The area of the pattern which includes 
that portion which is focused on to the photocell, is illumi- 
nated by four small lamps, equally spaced around the lens 
mount, and above which. is fitted a reflector. 

The upper section of the optical assembly houses the 
photocell, which is made to vibrate, and carries four slip 
rings for completing the necessary electrical connexions. 
The photocell is attached to the lower end of a rigid bar, 
to the upper end cf which is fixed a small permanent U- 
shaped magnet with its poles facing away from the photo- 
cell. The rigid bar is balanced vertically within the optical 
assembly by being permanently assembled at its centre 
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of gravity to a horizontal straight flat torsion spring which 
is clamped at each end to the optical assembly. The axis of 
the spring is perpendicular to a line through the poles of 
the magnet (see Fig. 2). Immediately above the permanent 
U-magnet and in very. close proximity to it, are mounted 
the poles of an energized E-magnet so that the poles of 
both magnets lie in a common vertical plane. The coil 
of the E-magnet is energized at 60c/s in order to produce 
an alternating field which in turn forces the U-magnet from 
side to side and so sets the photocell vibrating about its 
mean position. 

The direction of the oscillations of the photocell, in rela- 
tion to the direction of travel of the drive wheel, is such 
that the image of the line of the pattern is scanned perpen- 
dicularly. The photocell is set off centre from the vertical 
axis of the optical system so that it scans slightly ahead of 
the position on the pattern immediately below. If, as the 
drive wheel moves the optical system across the pattern, the 
optical axis does not remain exactly above the line of the 
pattern, an error will result such that the photocell does 
not scan the image of the line symmetrically. This assym- 





Fig. 2. Vibrator arm 


metry causes the photocell to produce specific electrical 
signals for left and right errors, i.e. dependent upon whether 
the optical axis moves to the left or the right, of the line 
being traced. These signals are amplified and used for 
operating the steering motor. 

At the lower end of the optical sensing head there is 
fitted an optical position indicator. This allows the operator 
to readily position the optical unit of the tracing head over 
any particular mark on the pattern. This positioning device 
consists of a lamp and a lens so adjusted as to project a 
small spot of light on to that point of the pattern which is 
focused cn to the sensing head photocell. The lamp and lens 
are built into a small projector unit and are not used during 
regular tracing. 

The servo steering motor is for two phase, 60c/s opera- 
tion, and it incorporates a 60c/s tachogenerator. It is 
coupled by gears to both the optical sensing device and to 
the vertical column carrying the drive wheel. This gearing 
produces approximately a 25:1 step down from the motor 
to both the drive wheel column and to the upper section of 
the optical assembly which houses the vibrating or scanning 
photocell. 


Operation of the Servo Steering System 
The vibration of the scanning photocell is such that when 
the optical axis is immediately over the line of the pattern, 
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the photocell has focused upon it in turn, equal amounts of 
light. Since the photocell vibrates at 60c/s, this results in a 
photocell signal at twice line frequency, namely 120c/s. 
(See Fig. 3.) 

When the line of the pattern is displaced relative to the 
centre of vibration of the scanning photocell, this cell has 
focused upon it in turn, two different amounts of light. This 
results in a photocell signal containing line frequency whose 
phase, relative to that of the line voltage, depends upon 
which side of the line on the drawing the centre of vibration 
is displaced. (See Fig. 4.) This error signal at line frequency 
is phase adjusted and amplified and used to supply the 
control winding of the two-phase servo motor whose other 
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Fig. 3. ‘On line’ photocell waveforms 
(Left) Tracing head 
(Right) Locus of point seen by cell during travel (line below cell) 
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Fig. 4. ‘Off line’ photocell waveforms 


(Left) Out of phase with excitation supply 
(Right) In phase with excitation supply 


winding is supplied directly from the line. This motor is_ 
geared to steer the tracing head in such a way. that it will 
always reduce the error between the lines of the pattern 
and the vertical axis of the optical scanning device. Thus, 
while the driving motor moves the entire tracing head across 
the drawing, the steering motor maintains the scanning head 
directly above the line. 

The offset of the photocell, which causes it to scan the 
pattern slightly ahead of a point immediately below the 
cell, provides phase advance to the closed loop steering 
servo mechanism. This technique assists in stabilizing the 
system, and also eliminates steering direction ambiguities at 
sharp corners on the pattern 

The use of an all a.c. servo system for automatic steering, 
prevents the possibility of the equipment responding to 
changes of light, voltage, or any expected variable, other 
than the pattern. 
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Electronic Control Unit 

The electronic control unit houses the steering amplifier 
and an automatic stopping relay device. This unit is built 
into a steel enclosure which contains all the necessary 
circuits, Fig. 5. 

The output from the sensing head photocell is fed to the 
steering amplifier where it is amplified for controlling the 
steering motor. 

The main amplifier is a simple a.c. unit having several 
stages of pre-amplification and ending with a push-pull 
power stage which is matched with a transformer to the 
steering motor control winding. The pre-amplifier includes 
a filter to extract the 60c/s component of the photocell 
signal. This filter has the effect of producing the required 
phase shift to cause the motor to have the correct phase 







Fig. 5. The electronic control system 


relationship between its two fields—i.e., +90° or —90° 
depending upon the error signal in the servo system. 


Safety Relay 

Within the electronic unit is a relay which will switch 
off the drive motor in the event of the tracer losing the 
pattern line during a cut. 

This relay is controlled by an a.c. amplifier driven from 
the unfiltered photocell signal which is used for the steering 
control. The contacts of this relay may be used to control 
the drive motor as well as solenoid type gas valves for the 
torches. Thus, this relay device is a safety system which 


may be used to automatically switch off the entire gas — 


cutting machine in the event of the tracer losing the line 
of the pattern or alternatively reaching the end of the line. 

During tracing, the photocell signal includes a continuous 
a.c. signal which is we ee a mixture of 60c/s and 120c/s. 
When the optical sensing head sees no line, negligible a.c. 
signal is produced by the photocell. Since only the a.c. 
signal will cause the safety relay to hold in, an overriding 
switch is generally required. This switch would be held until 
tracing had commenced for any one cut. 


Switch Controls ‘ 

The switch controls may be mounted on the gas cutting 
machine or connected remotely by cable. Switches are pro- 
vided for: 

Manual-off-Automatic 
Steer Left 
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Steer Right 
Drive 


These controls may be used for positioning the tracing 
head at the correct place on the pattern and then starting 
the tracing device for cutting. The manual position on the 
head control switch will permit hand steering or the use of 
a radius bar, if this should be required. 


Shutdown 
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Fig. 7. A typical Linatrol tracing head 


In order to show the drawing and to reveal the interior of the cabinet, 
both the floodlight assembly and the cabinet cover have been removed 


The ‘ drive’ control simply overrides the automatic stop- 
ping relay. The ‘steer left’ and ‘steer right’ switches 
control 60c/s signals taken from the electronic unit power 
transformer. These signals are injected into the amplifier to 
remotely: steer the tracing head when full automatic steering 
and tracing is not in operation. 

A complete system schematic is shown in Fig. 6 which 
includes all major and minor system components, A typical 
Linatrol tracing head built on to a manual tracing unit is 
shown in Fig. 7, without the dust covers. 

In this case the tracing wheel, which is steered by the 
* Linatrol * equipment does not run on the tracing table and 
therefore over the drawing. The drive from the tracer wheel 
to the carriages is through a roller system patented by 
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Hancock & Co. (Engineers) Ltd. The advantages of this 
method of driving are obvious. 

Above the framework on which the ‘ Linatrol’ head unit 
is mounted will be seen the standard tracer made by 
Hancock & Co. which is used to propel the movement of the 
carriages with the steering, of course, being controlled by 
the ‘ Linatrol” steering servo. 


Operatien 

The travel speed of the drive motor is adjusted to a value 
to suit the thickness of the material to be cut. With the 
power switched on and the controls set for ‘automatic ’ the 
tracing head is positioned for use by means of the switch 
controls and the spotlight device. 

Tracing may be commenced by setting the tracing head 
up over a pattern lead-in line. Alternatively the head may 
be adjusted so that when it moves its path will intercept 
the pattern at approximately 30°. 

The ‘inch’ button is pressed to override the safety relay, 
and the drive motor will start. When the optical head 
reaches the line, it will follow the line automatically. In this 
condition it is not necessary to continue to press the ‘ inch’ 
button, since the safety relay is actuated from a signal 
caused by the existence of the line, as mentioned above. 

Automatic shut down upon completion of the cut may be 
readily accomplished. There are two methods which may. be 
adopted to provide this, the choice depending upon the 
operator. Firstly, a gap may be placed in the pattern con- 
tour—this must be of sufficient width to prevent the tracing 
head from coasting over the gap and starting up again. 
Secondly, the operator may cover the pattern contour with 
a blank card at the point where machine shut off is required. 
This latter system is the most flexible as it does not restrict 
the point at which the tracer would be required to intercept, 
and lock on to the pattern, at the start of the cut. 


Patterns 


The tracing head will follow a line which is crossed by 
another line perpendicular to the first. This facility permits 


A Miniature Quartz Clock 


Patek Philippe, Geneva, have produced what they claim 
to be the smallest quartz clock in the world. The total 
volume of this unit, including an accumulator which pro- 
vides for 70 hours’ operation, is 830cm*. 

A 10kc/s quartz crystal is used as the primary frequency 
standard and the temperature compensation is such that it 
provides an accuracy of +1 x 10-® over a 24-hour period 
in the temperature range 0°C to 50°C. 

The crystal frequency is divided down by 600 to provide 
an input of 163c/s to the amplifier which provides the 
power to drive a synchronous micro-motor which has been 
specially made by Patek Philippe and which has overall 
dimensions of 20mm diameter by 34mm height. 

The complete clock measures 134 x 94 x 66mm, it 
employs 16 transistors and has a total power consumption 
of 15mW at 1-25V which may be supplied from the built-in 
accumulator or from solar cells etc. The overall accuracy 
of the clock is O'lsec in 24 hours and, in order to gain 
maximum accuracy from the clock there exists, on the 
seconds dial, a small black patch with a white slot which 
when hidden by the hand permits an objective reading. 
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the cutting of a series of patterns in one continuous opera- 
tion provided that the cutting action of the torch is not 
impaired by the gap which it may have to cross. This tech- 
nique has proved very successful on steel up to fin 
thick. 

The preparation of patterns is very simple provided that 
the lines drawn are distinct, clear, and even. A drafts- 
man’s ‘H’ pencil makes an excellent line on a good grade 
of heavy white paper. 

It is quite possible to add operator's notes to the pattern 
in red pencil without interfering with tracing. This is 
because the photocell in the tracing head is very sensitive 
to red, and thus cannot see red pencil on white paper. 


Conclusion 

‘Linatrol’ equipment built on to a gas cutting machine 
has shown how gas cutting techniques can be improved. 
It is no longer necessary for an operator to laboriously 
steer a manual tracing unit. Alternatively, it is no longer 
necessary for a tool room to go the expense of preparing 
complicated metal, wood or strip templates for a mechanical 
follower. With ‘ Linatrol’ equipment, a pencil drawing will 
enable steel to be smoothly gas-cut to intricate shapes with 
an accuracy of 0-010in and at less cost than by any other 
method. ’ 

The foregoing has described the operation of ‘ Linatrol ’ 
equipment for use on 60c/s supplies. Automatic steering 
may be achieved equally well on 50c/s supplies, by adjust- 
ing the frequency. sensitive components for the lower 
frequency. 
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A Transistor Characteristic Curve Tracer 


By J. F. Young*, A.M.LE.E., A.M.Brit.I.R.E. 


A Dekatron is used to develop a stepped voltage controlling the base current of the transistor under 

test. At cach step a half sinusoidal voltage is applied to the transistor and the resulting collector 

current is plotted against voltage on an external oscilloscope. A series resistor provides the current 

signal and limits the transistor dissipation. The unit can also be used to plot the characteristics of 
normal or of Zener diodes. 


(Voir page 377 pour le résumé en francais; Zusammenfassung_in deutscher Sprache Seite 382) 


wr simple tests of transistors are often adequate 
for audio work, more comprehensive testing is 
required for switching transistors. Simple tests giving the 
current gain of a switching transistor are useful, but addi- 
tional information such as bottoming voltage, turnover 
voltage, reverse leakage current and slope resistance is also 
required. The simplest method of presentation of such 
information in a readily digested form is as a set of charac- 
teristic curves of collector voltage against collector current. 
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Fig. 1. General arrangement of tester 


Such curves are extremely tedious to take and plot 
manually. A single curve of collector voltage against 
collector current at a given value of base or emitter current 
can be displayed on an oscilloscope without difficulty’. 
However, some form of switch is necessary if a complete 
family of characteristics is to be displayed’. 


The Basic Arrangement 

Most transistors available in this country at the present 
time are of the pnp type, and these mainly are used in the 
earthed emitter configuration. Consequently a simple device 
capable of displaying a set of characteristic curves for a 
pnp transistor connected with earthed emitter is quite 
useful, and the added complexity which would be required 
in order to test any transistor in any connexion is hardly 
worthwhile. While it is possible to use a rotary switch, such 
as a uniselector** to vary the base current, it is preferable 
to use an electronic switch so that the equipment is silent 
in operation>*’, A Dekatron cold-cathode counting tube 
can be used to provide a stepped voltage wave and this can 
be used in conjunction with a constant voltage to constant 
current convertor to provide a stepped base current. At 





* The General Electric Co. Ltd., Witton. 
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each step the collector to emitter voltage can be varied while 
it is plotted on the face of a cathode-ray tube against 
collector current. A block diagram of such a tester is shown 
in Fig. 1. 

Pulses derived from the a.c. supply are supplied to the 
guides of the Dekatron selector, which consequently steps 
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Fig. 2. Waveforms assoc‘ated with tester 


round from cathode to cathode. As it does so the output 


~ voltage V; changes in steps because of the progressively 


increasing resistance in the successive cathode circuits. This 
stepped voltage is used to control a constant current 
generator which supplies the base current of the transistor. 

The collector and emitter of the transistor are connected 
in series with a resistor R, to a half wave rectified supply 
V;. On the assumption that the transistor characteristics are 
as shown in Fig. 3, the collector current 7, waveform will 
be as in Fig. 2, a flat-topped wave. The waveform of 
collector voltage will therefore be V, — /.Rs, the top part 
of a sine wave. 

The resulting display on the oscilloscope is as shown in 
Fig. 4. The ends of the curves lie along a line cf negative 
slope equal to R; and passing through the peak value of 
Vs; on the V, axis. If the face of the tube is calibrated, such 
quantities as current gain, collector slope resistance, turn- 
over value and reverse leakage current (at J» = 0) can be 
obtained. The effects of temperature variations can be seen 
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directly. Photographs can be taken if permanent records 
are required. For test purposes the display. can be compared 
with a Perspex template of standard curves. 

Resistor Rs is required in the transistor circuit for two 
purposes; firstly as a shunt to provide a voltage propor- 
tonal to collector current and secondly in order to limit the 
transistor dissipation. A suitable averaging time for the 
dissipation rating is probably about 20msec or one cycle 
if a 50c/s supply is used. It is therefore sufficient to deter- 
mine the mean dissipation over one cycle, find the value of 
I, corresponding to the maximum possible dissipation and 
hence calculate the value of R, required to limit the maxi- 
mum dissipation to the permitted figure. In Appendix | 
it is shown that the maximum mean dissipation occurs at 
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Fig. 5. Basic form of constant base current generator 


a value of 
I. = (V speak / Rs) x 0-4 
the maximum dissipation is: 
Wax = 58 (Vstpeak)”/ Rs) mW 
From this equation the required value of R; for any supply 
voltage and permissible dissipation can be found. 

Since a supply voltage switch must be fitted, it is possible 
io fit another switch having settings given by the dissipation 
rating. The two switches together can then determine the 
value of Rs; to be used. An alternative method, using simpler 
switches but less convenient and less safe to use because a 
calculation must be carried out, is to have a simple 
‘resistor value’ switch as well as a ‘supply voltage value’ 
switch. Whichever method is used, about 14 different 
resistors from 3-32 to 50k will be sufficient for use with 
most low and medium power transistors. 

The basic form of the constant base current generator 
is shown in Fig. 5. Analysis of this arrangement shows that: 

uve + V 
fa + (u + 1) Rx 
where u is the valve amplification factor, and ra is the valve 
anode resistance. Thus the effective impedance looking at 
the anode is ra + (u + 1) Rx (see Fig. 6), which can be very 
high if u is appreciable. The valve thus behaves as a high 
impedance, constant current source while not requiring an 
excessive supply voltage. 


i.= 
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Since very small values of base current might be required, 
and the value of » for a valve is not usually known at low 
current values, it was necessary to carry out tests under 
these conditions. These indicated that operation would be 
satisfactory at currents as low as 10uA using one-half of a 
B309 double triode as shown in Fig. 6. 


The base current of the transistor under test is changed 
in steps by variations of Vx produced by the Dekatron. The 
basic current range is changed by switching-in various 
values of cathode resistor. 

It will be noted from the waveforms of Fig. 2 that the 
Dekatron discharge is changed from one cathode to the 
next at the end of the half cycle during which voltage is 
applied to the transistor. The base current therefore has 
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Fig. 6. Characteristics of constant current generator (B309 double triode) 


at least one-quarter cycle in which to settle down before 
collector voltage is re-applied. 

The Dekatron rotation can be stopped if required and 
the discharge can then be stepped around manually. to any 
required cathode. The base current corresponding to that 
particular step can then be measured, while the curve corre- 
sponding to this step remains on the screen. 


Dekatron Circuits 

A simple Dekatron circuit to produce a stepped voltage 
waveform is shown in Fig. 7. The cathodes are connected in 
pairs, cathode | to cathode 6, cathode 2 to cathode 7 etc. 
The pairs of cathodes are connected to series resistors as 
shown, so that a five step output voltage is produced ten 
times per second if a 50c/s supply is used. While an 
oscilloscope display reappearing ten times per second has 
a certain amount of flicker, it is not too objectionable. If 
the cathodes are connected individually, rather than in 
pairs, to series resistors so that a stepped voltage waveform 
with a repetition of five times per second is produced, the 
resulting oscilloscope display is difficult to view. Interlacing 
of the traces gives little improvement, The disadvantage 
of the connexion of the cathodes in pairs is that the 
individual cathodes have slightly different characteristics, 
so that two cathodes connected together do not produce 
identical waveforms on alternate display cycles. This pro- 
duces a slight pairing effect in which the individual lines 
of the display split into two. It is possible to compensate 
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Fig. 7. Dekatron circuit to produce a stepped voltage waveform 
for this, but since the pairing is not wide enough to be 
Objectionable compensation is not worthwhile. 

Since the Dekatron is not required to count, but is rotat- 
ing continuously, a simple sine wave phase shift guide drive 
circuit as shown in Fig. 7 might be expected to be satisfac- 
tory. However, as shown in the waveforms of Fig. 7, there 
is some feed-through of the guide voltage to the cathodes, 
so that the required flat-topped cathode waveform is not 
obtained. A simple pulse drive circuit as shown in Fig. 8 
can give greatly improved results. Here one-half of a B309 
double triode is used to develop a negative going pulse on 
the occurrence of positive peaks of 
the applied 50c/s grid waveform. The 
guides are normally biased to 50V 


The Complete Unit 

The circuit of a complete transistor curve tracer based 
on the principles given above is shown in Fig. 9. The 
Dekatron selector tube runs at about an 800uA anode 
current supplied from the whole of the secondary of the 
supply transformer via a half wave rectifier. The capacitor 
input filter used gives a ripple of less than 0-2V peak-to-peak. 
The Dekatron cathodes are connected to series resistors as 
described above. In order to drop the output cathode volt- 
age to a suitable level to feed the grid of the constant 
current valve, a high impedance potentiometer chain is 
connected from the output cathode to a neon stabilized 
60V negative line. The current taken by this potentiometer, 
plus the burning current of the NT2 neon tube, total less 
than ImA, so a good degree of smoothing of the 60V line 
is possible. The ripple on this line is less than 50mV peak- 
to-peak, and this is further attenuated by the potentiometer 
chain. The base current of the transistor under test is 
supplied from the anode of the constant current generator 
V;. The nominal value of base current supplied is adjusted 
by the 500kQ potentiometer in the grid circuit, while the 
step magnitudes are determined by. the cathode resistors 
switched in by S:. This switch is calibrated in change of 
base current per step from 3uA to 3mA. 

A link is provided in the base circuit so that an external 
meter can be connected to read base current if required. 
When this is done, the rotation of the Dekatron is stopped 
by S: so that the base current is steady and not stepped. 
The discharge can then be inched around so that the base 
current can be metered at each step. Alternatively, if 
required, a resistor can be inserted instead of a meter and 
the voltage across this resistor can be displayed on an 
oscilloscope with or without continuous stepping of the 
Dekatron. Care is needed in the wiring of the grid circuit 
of the constant current generator in order to avoid stray 
pick up, since the grid circuit impedance is high. However, 
it has not been found necessary to screen this circuit. 


The Dekatron guide pulse generator V2 is supplied from 
a centre-tap on the mains transformer 7;. The half wave 


Fig. 8. 


A simple pulse drive circuit 





positive and the usual integrating 
guide drive is used. 

The base current produced by the 
constant current generator, and hence 
the voltage produced by the Deka- 
tron, must be constant during the 
negative half cycles of the supply 
voltage which are applied to the 
transistor collector. In order to ensure 
that the base current has time to 
settle down before the commencement 
of the negative half cycle, the drive 
voltage for the Dekatron is phase 
shifted by about thirty degrees lead- 
ing at the triode grid input circuit. 













































































The grid drive voltage is 17-5Vr.m.s. 

For manual stepping, or inching, 
of the Dekatron discharge, the Deka- 
tron guide input is disconnected from 
the triode anode and it is shorted to 
earth. This produces a single nega- 
tive driving pulse. An open position on 
the inching switch removes the pulse 
drive and makes it possible to display 
a single characteristic curve at fixed 
base current. 
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rectifier also supplies a 90C1 stabilizer tube, the ripple level 
here being about 0-65V peak-to-peak. The emitter of the 
transistor under test is connected to the positive of this 90V 
supply, which is earthed. 


A separate tapped transformer 72 is used to supply the 
collector of the transistor under test. A half wave rectifier 
is connected in this supply so that only negative half cycles 
are normally. applied to the collector. However, this rectifier 
can be shorted by switch S$; if single forward-reverse 
characteristics of transistors or diodes are required. Com- 
plete families of forward-reverse transistor characteristics 
cannot be obtained by this method since there is no suit- 
able time interval during which the base current can be 
switched from one value to the next. Switch §; gives: 


(a) A family of forward characteristics. 
(b) A single forward characteristic. 


(c) An inch position which rotates the Dekatron dis- 
charge one place and so increases the base current 
by one step. 


(d) A single reverse-forward characteristic. 
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Fig. 10. Connexions to the Fig. 11. Method of obtaining 
oscilloscope current-base voitage curve 


The transformer voltage tapping switch $3 and the maxi- 
mum dissipation switch S, together determine the value of 
the collector series resistor. This ensures that if the 
maximum permissible transistor dissipation is set on S:, 
it will not be exceeded at any voltage setting of S;. The 
resistor values are shown in Table 1. Since the transformer 
winding resistance and the rectifier forward resistance are 
neglected, and since the transistors will normally be tested 
at room temperature, it will usually be safe to test tran- 
sistors at up to twice the maximum rated dissipation. It 
is shown in Appendix | that the calibrated maximum dis- 
sipation of S, also applies to single curve tracing for Zener 
diodes Normal semiconductor diodes tested well below 
turn-over voltage will be operated at much less than the 
maximum dissipation indicated on S\. 


Oscilloscope Connexions 


The curve tracer is normally. used in conjunction with a 
1049 oscilloscope. The connexions to the oscilloscope are 
shown in Fig 10. One deflexion amplifier is used for 
horizontal deflexion and the other for vertical deflexion. 
The screened output leads from the curve tracer carry the 
voltage and current signals to the amplifier terminals on 
the front of the oscilloscope. The A: amplifier is used for 
the current signal, being coupled at the side panel of the 
oscilloscope to the Y; deflexion electrode as usual, so that 
the current deflexion is vertical. The voltage signal is con- 
nected to the A, amplifier, the output of which is coupled 
to the X: deflexion electrode via an extra link as shown in 
Fig. 10. The X; deflexion electrode is linked as shown to 
the shift potentiometer socket on the side panel (which is 
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usually connected to the X: electrode). The voltage 
deflexion is therefore horizontal. The Y2 electrode is linked 
to the common line as shown so that the second beam is 
deflected from the screen and cannot interfere with the 
display. The horizontal voltage deflexion and_ vertical 
current deflexion give a display which can be com- 
pared directly with most published common emitter 
characteristics. 

When S; is open and the collector voltage is half wave 
rectified, only the forward characteristics of the device 
being tested are displayed. During the whole of the positive 
half cycle of the supply voltage, deflexion voltages are 
absent and the beam stays at the origin of the display. This 
causes an objectionable bright spot to appear at the origin. 
However, this spot can be reduced in brilliance quite easily 
by use of the intensity modulation feature on the oscillo- 
scope. If the intensity modulation switch is set to the 
internal mains frequency position, the beam current is 
reduced in alternate half cycles and the bright spot at the 
origin is reduced in intensity. For this measure to be 
effective the mains supplies to the curve tracer unit and to 
the oscilloscope must be phased correctly. If it is found 
that the spot is brightened and the rest of the display is 
dimmed it is only necessary to reverse the supply. leads to 
the curve tracer to obtain correct phasing for reduction of 
spot brightness. 

The resistor values shown in Table 1 have been chosen 
to suit the switched A; amplifier gain ranges on the oscillo- 
scope. The shift control on this amplifier is calibrated 0 to 
1 and 0 to 3. Consequently if resistors having values such 
as 33Q, 500 and 1000 are used, collector currents can be 
measured on the calibrated shift control directly, or, in 
the case of the 50, by multiplication by two. The value of 
collector voltage can be determined from the calibration of 
the A, amplifier, multiplied by 1:15 to allow for the fact 
that the X plates are used for deflexion. To find the 
grounded emitter current gain of a transistor at any 
operating point, the family cf characteristics is moved 
vertically by the distance between two curves by. adjust- 
ment of the calibrated A, shift control on the oscilloscope. 
The current gain is then easily determined from the base 
current step value and the A; shift control calibration. 
Terminals labelled c, B and £ are provided for the collector, 
base and emitter of the transistor under test. When diodes 
are tested they are simply connected between terminals c 
and E. Extra terminals Bi, B, and E; are also provided. 
Terminal B; is normally linked to B2, but this link can be 
removed for insertion of a milliammeter or shunt to 
measure base current. Terminals E; and B; can be used as 
shown in Fig. 11 to obtain a display of the base current- 


_ base voltage curve of a transistor. This is a diode charac- 


teristic and is often important in switching applications of 
transistors. To obtain this characteristic the base of the 
transistor is connected to the c terminal, the emitter to the 
E terminal and the collector to the B terminal. The link 


TABLE | 


Series Resistor Values 














PEAK 

SUPPLY MAXIMUM DISSIPATION (mW) 

VOLTAGE |— - | —— 
V; 2 | 4 50 100 | 200 
3.1 502 | 332, 100 } 50 | 3.32 
10 5002 | 3302 100Q 502 | 330 

| 

31 | 5kQ | 3°3kQ 1kQ 5002 | 3300 
100 «=| «(s0xa.!| «33Ka | «toKa | ska | 33Ke 
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ltage plotting calibration lines on the display during the resting 

nked half cycle. 

m is Because the device is small it is possible to keep it near 
the to the oscilloscope with which it is used and have it ready 

tical for operation in a very short time. In practice it has proved 
— to be extremely useful for general testing of semiconductors 

utter and some such device is almost indispensible for work on 

switching semiconductors. Where a large number of tran- 

vave sistors of a particular type are to be tested, it is worth- 

vice while making a Perspex template of standard characteristic 
itive curves with which the display can be compared. While the 
are accuracy of the device is not high, the information obtained 
This from it is most useful. 

gin. 
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= APPENDIX 1 
i to between B; and B; is removed and an external d.c. collector } : 
und supply is connected from EF: to Bi. It is assumed that the transistor collector current-collector 
y Is voltage characteristics are ideal as shown in Fig. 3. The 
} to Construction half wave rectified sine wave shown in Fig. 14 is applied 
| of The construction of the device is quite conventional to the transistor in series with a resistor Rs. At the begin- 

being in a 12in by 8in by 8in instrument case as shown in ™58 of the half cycle the supply voltage causes insufficient 
sen Fig. 12. The Dekatron is mounted on a bracket on the current to flow in R. to enable any voltage to appear across 
llo- main chassis so that it can be seen through an escutcheon the transistor. The whole of the supply voltage therefore 
| r on the front panel. The escutcheon is specially engraved PPCars across the resistor Rs and the current is 
Ic with two sets of numbers from 1 to 5, so that the number ‘Vs Sin wf 
be of the base current step in use can be read when the dis- ~ R, ~- When dis convent snchan Ge fake <5 Gy Sa 
in charge is being inched around. Since the cases of several... : oe: : 
of of the electrolytic capacitors used are 90V negative to the sistor curve, the transistor maintains the current at this 
of chensia, tease cobniines ee wamemned on & gauila ead- value regardless of the voltage across it. The voltage across 
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ny sie auesaaeseatinmiatin eatin amuaidadaeh tine ate Seis te the end of the half cycle the reverse operation takes place. 
ed — P + aa Desi“ Ae — = The transistor current waveform is flat topped and the 
. . neueprennties - a hs not now fitted. voltage waveform is the top of the supply voltage wave- 
ma ; jp oar ~— ne with the —_ ved are shown form as shown in Fig. 14. 

; in Fig. } e slight st i ‘ a 
og oneeiiniaed by pn ihias be is Set sal tennpe oe on ~* — eo —_ - oo a 
yn, rap ; ae reached is A, then since the waveforms are symmetrica 
Dr, swaioenn Seer eae ae tance we baaebacagge a about . /2, the transistor ae dissipation ~§ the cycle 

* : . can be found by integration between A and 7/2. 
es caused by differences in the pairs of Dekatron cathodes con- thai 
i nected in parallel. This latter effect could be eliminated, The transistor voltage at any instant is 
a and the accuracy of the tracer could be improved if the aT 
+ series cathode resistors of the Dekatron were replaced by ee ee 
io an —— hearse seam gree sacegecendi nba a The instantaneous power dissipation is therefore 
“a accurately controlled amplitude. However, since the com- Vol. = Vsl. sin wt — I’Rs 
- plete unit is so inexpensive, the addition of Zener diodes New 
‘ would at present cause an appreciable percentage increase 
” of cost. A further addition to the basic instrument which hw A 
; might prove useful, would be the provision of means for vie Rs 
Fig. 13. Typical displays obtained with the curve tracer 
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hence 


Vs’ Si in wt — V,? sin?A 
Vele= sin A sin “ Sl 
8 


The mean power dissipation over one cycle is therefore 








nl2 $a . 2 ote, 2 

- ot — Vs 

Ww (1/a)] V.? sin A met V< sin A dwt) 
A 8 


= on [A —(a/2)+sin 2A + [(7/2)—A] cos 2A} 


a 8 





Hence, to find the value of A giving maximum power, 
differentiate with respect to 2A 


dw Ve 
d(2A)2zRs [4 + 4¢os 2A +[A —(x/2)] sin 2A] 








Fig. 14. Half wave rectified sine wave applied to the transistor 


From this it is found that the power dissipation of the 
transistor is a maximum when A = 23°15’ 


whence /.R; = 0:4 V; 


also the maximum power is 


58V 5" 
Rs 





Wn = milliwatts. 


If the voltage and the maximum permissible dissipation 
are specified, then One must have 


8h 
Wn 





R, = 


If a 50c/s supply is used, and if 20msec is a reasonable 
averaging time, the expressions given can be used to deter- 
mine a safe value of Rs. 


APPENDIX 2 


The Zener diode characteristic is assumed to be ideal as 
shown in Fig. 15. The sine wave shown in Fig. 16 is applied 
to the Zener diode in series with a resistor Rs. At the begin- 
ning of the reverse half cycle the supply voltage causes only 
a small current to flow in the diode, so the drop across R, 
is negligible and the whole of the supply. voltage can be 
considered to appear across the diode. When the supply 
voltage exceeds the Zener diode turn-over voltage V;:, the 
diode carries current and further increases of voltage appear 
Vs sin wt—V. 


across the resistor, the current being . At the 





s 


end of the half cycle the reverse effect takes place. During 
the conducting half cycle it is assumed that the voltage 
across the diode is small so that the dissipation can be 
ignored. 


ELECTRONIC ENGINEERING 336 


The Zener diode voltage waveform is flat topped and the 


: : V; sin wt 
current waveform is the top of a sine wave — R 
8 


as shown in Fig. 16. If the angle at which the knee of the 
characteristic is reached is A, then as for the transistor, it 
is sufficient to integrate between A and 7/2. 





The diode current at any instant is 
at Vs sin wt — Ve 


I, R 





Fig. 15. Ideal Zener diode characteristic 








elias 








Fig. 16. Zener diode waveforms 


The instantaneous power dissipation is therefore 


ViV; sin wt —V;? 
ataheee, eames 


now Vv: = V; sin A 
hence 


V; sin A sin wt — V;* sin? A 


Vilk = R, 





This is the same expression as was obtained for the tran- 
sistor, and a given resistor value will therefore give the 
same dissipation for a transistor or for a Zener diode at a 
given supply voltage. 
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A Miniature Electroencephalograph 
Telemeter System 


By D. C. Gold* and W. J. Perkins*, M.Brit.I.R.E., A.M.LE.E. 


A telemeter system is described which enables the electrical activity of the brain of a normal free 

and unrestrained cat to be recorded. The voltage picked up by an electrode fixed into the skull is 

amplified sufficiently to modulate a transmitter carried on the cat’s back. The transmissions are 
received and applied to a cathode-ray display unit or a tape recorder. 


(Voir page 377 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 382) 


HE effect on behaviour\ of many recently developed 

drugs has frequently been studied in the cat and an 
instrument was required that would record the electrical 
changes in the brain of a non-anaesthetized cat during these 
changes in behaviour. The normal pattern of electrical 
activity in the cat’s brain is changed as its behaviour alters, 
but these changes in the electrical pattern will not be a true 
representation if the behaviour is in any way. interfered 
with, as for example by the cables normally required to 
connect the electrode in the brain to the amplifying and 
recording apparatus. This can be overcome by the use of a 
radio link but in order to permit free movement of a cat 
weighing between 9 and 11 lb, the equipment carried by the 
cat should not weigh more than 9oz. 

The electrical activity to be recorded is such that an 
overall frequency response of 2c/s to 2kc/s is required. 
Instead of the electrical pattern recorded by a conductor 
on the surface of the head, which is the integrated picture 
of the activity of many thousands of nerve cells, it was 
required to observe the activity of only a few. In order to 
do this a conductor with a very small conducting tip of the 
order of 2 to 6 microns has to be used and in these experi- 
ments was held in position by. a Perspex holder fixed perma- 
nently into the skull. The type of micro-electrode has been 
described by Dowben and Rose’. The signal developed 
between this electrode and an indifferent electrode, such as 
a length of wire inserted beneath the skin of the scalp, 
varies between 10 and 250uV. This type of electrode has 
an impedance as high as 5 to 1OM{) and, in order to reduce 
interference picked up in the input circuit of an amplifier, 
a balanced circuit was required. This was obtained by 
recording the differential voltage between the micro- 
electrode and the indifferent electrode, using a second 
similar length of wire as a common reference point. Any 
current allowed to flow in a micro-electrode of this size 
produces a very high current density in the tissue in the 
neighbourhood of the tip and this can. interfere severely 
with the activity of the individual nerve cells. It was there- 
fore necessary. to design an input circuit in which the current 
was less than 10-"A. 

In order to give the physiologists the opportunity to dis- 
cover, initially, whether the electrical activity of a few cells 
could be satisfactorily recorded in a freely moving animal, 
it was thought desirable to produce a unit that would 
require the minimum development and would enable the 
main physiological and instrumentation requirements to be 
given preliminary study. 





* National Institute for Medical Research. 
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The transmission of very low frequency signals requires 
a stable carrier frequency, as with either frequency. or ampli- 
tude modulation, changes in carrier frequency can be con- 
fused with low frequency biological signals. A probable 
future requirement, the recording of the standing potential 
of the cells, would certainly require crystal control of the 
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Fig. 1. Basic multiple channel d.c. recording system 


carrier, but for a frequency modulated system this would 
mean more complex circuits than with amplitude modula- 
tion, and hence additional weight. Thus it was decided to 
use a 6:8Mc/s crystal oscillator as the carrier for an ampli- 
tude modulated system. The problem of amplitude variation 
produced by movement of the animal was reduced by con- 
fining the animal to a cage 4ft by 3ft by. 2ft and by suitable 
adjustment of the time-constant of the automatic gain 
control in the receiver. 

It was necessary to use valves for the input stage because 
of the high input resistance and input current limitation 
and, as the output power required for adequate signal 
strength was of the order of 20mW, it was decided to use 
battery valves throughout. The complete system is shown 
in Fig. 1. 


The Transmitter’ (Fig. 2) 

The valves chosen were DF66's for the amplifier (Vi, V2, 
V; and V,). a DF72 for the oscillator (V;) and a DL75 for 
the output stage (Vs). The batteries used for the h.t. were 
two Ever-Ready type B157, giving 60V with small physical 
size and a weight of 1-80z. Although these were slightly 
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Over-run, two six hour experiments were possible before 
they reached a limiting end point. For the Lt. two 1-3V 
mercury cells (Mallory RM1R) were used giving approxi- 
mately the same life. 

Because of the common cathode connexions using battery 
valves and a common battery, it was not possible to use a 
conventional rejection ratio circuit with common cathode 
resistor for the input stage. With the circuit of Vi, V2 phase 
rejection is obtained by feeding a proportion of the output 
from V2 to the screen of Vi, the phase relationship being 
such as to assist when the input grid signals are in anti- 
phase and to oppose when they are in phase. 


For small input signals the output of Vi is given by 


Ri 
E, = [uiegi + ses] es a 
and 
paRreege 
aac: R; + Tas 


gain is 
Fo = CG= pai 


2e21 Ri + fa 
Thus the adjustment of a given pair of valves for best 
(anti-phase gain) . 


rejection ratio, — —— is obtained by control of 
(in-phase gain) 








R: only. To save space and to avoid the noise level caused 
by a miniature potentiometer, a fixed resistor of the correct 
value was used. The input was connected to the grids of 
Vi and V2 through a capacitor of O'luF using a 10OMQ 
grid leak. V; and V, were conventional amplifier stages with 
the gain controlled by feedback from the anode of V4. 
Due to the high value of anode loads and the compact 
construction, stray capacitance significantly affects the 
frequency response. For example, the frequency. response 
was affected by the gain control and, at the minimum gain, 
was extended to 10kc/s. The oscillator was a tuned anode, 
crystal grid circuit mutually coupled to the grid circuit of 
the output valve Vs. This valve was grid modulated by the 




















































































































Fig. 2. Modulator and transmitter 


where s and pe are the amplification factors of Vi and V:; 
rai and raz are the a.c. resistances of V: and V2 
€zi and e. are the input signals of Vi and V2 
R, and R:, are the anode loads of Vi and V2 
és is the a.c. voltage applied to the screen of V; 


and us is the amplification factor of Vi for a signal 
applied to the screen. 


Thus, assuming equal input signals to both valves, the 


gain 
ee | x ena ] Rs 





egi Ra + a2 Ri + fa 
The best rejection ratio is obtained when 
UspoRe 
ae 
. Re + rae 
then 
Re = fan 
sla — ph 


and for this condition with equal anti-phase signals the 
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output from Vs, approximately 0-SV being required to give 
sufficient modulation. To produce an undistorted output 
signal the maximum gain of the modulator was approxi- 


- mately 10‘. The input power to Vs was 40mW, the current 


drain on the batteries being about 1mA. The anode circuit 
of the power amplifier was tuned and the coil wound in a 
loop connecting the two parts to form the aerial. 


MECHANICAL DETAILS 

To allow the cat freedom of movement such as rolling 
on its side, the unit was constructed in the form of a saddle 
with the modulation amplifier and I.t. batteries in one side, 
the transmitter and h.t. batteries in the other and the loop 
aerial between (Fig. 3). The cases were made of 24 s.w.g. 
aluminium which, in addition to being robust, gave some 
measure of screening to the modulator. Each case was 3in 
long, 24in wide and jin deep and weighed 0-90z with its 
hinged lid, the overall weight of the whole unit complete 
with batteries being 8-Soz. The under-sides of both cases 
were lined with rubber to prevent slipping and an elastic 
strap passed under the body held the cases in position. It 
was found necessary to fasten the unit to a collar to prevent 
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it slipping backwards to the hind legs. To facilitate changes 
of gain during an experiment, the gain control was brought 
out through a slot in the case. The micro-electrodes were 
connected to the amplifier by a short length of light coaxial 
cable. 


Receiver 
An RCA AR88 communications receiver was used with 
the time-constant of the automatic gain control increased, 
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Fig. 4. Coupling unit 


to reduce the effect of cat movement. A square of jin 
mesh copper netting (2ft by 1ft) which formed the centre 
of the roof of the cake was used as the receiver aerial and 
connected by a coaxial cable to the grid of the r.f. amplifier. 

The output from the receiver detector was fed to a coup- 
ling unit (Fig. 4). The first stage of this unit was a voltage 
amplifier with a cathode-follower output for feeding a 
frequency. modulated tape recorder unit and the second 
stage provided a paraphase output for driving a cathode-ray 
tube. A variable low-pass filter was also included to cut out 
unwanted high frequency signals. At maximum gain settings 
on both modulation amplifier and receiver, the noise level 
was equivalent to a 10uV signal input to the modulator 
amplifier and this level could be reduced by increasing the 
high frequency attenuation. 
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Results 

Comparative tests were carried out by applying the elec- 
trical potentials from an unanaesthetized cat simultaneously 
to the telemeter unit and a conventional amplifier used for 
biological work. The results showed little difference for 
normal levels of input potentials but at higher levels it was 
possible to overload the telemeter amplifier. 

A typical example of the changes of electrical activity 
produced by a change in behaviour is illustrated* in Fig. 5. 
Fig. 5(a) shows the pattern of a particular region of the 
brain, when the motions only for the presentation of food 
to the animal have been completed at the point marked by 
the arrow. In Fig. 5(b) the motions were repeated in the 





Fig. 5. (a) Motions of presentation of food but none taken 
(b) As for (a) but food taken 
(c) Stimuli of 4ke/s tone applied for 0-Isec. 


same manner but this time were accompanied by. food, 
which was swallowed, and a definite pattern of response 
obtained. Before Fig. 5(c) was obtained, the presentation of 
food was accompanied a number of times by a 4kc/s note 
lasting for 0-1sec and the record shows a similar response 
produced by the sound alone at a point marked by the 
arrow. 


Conclusions 

The results show that the technique of radio transmis- 
sion of the electrical potentials picked up by micro- 
electrodes in the brain is practicable and can be used for 
demonstrating changes in activity of a normal unanaesthe- 
tized animal. It is possible to build a transmitter that is 
within the carrying capacity of a cat. The limiting factor in 
respect of the degree of freedom was the change in signal 
strength produced by animal movement. If behaviour 
involving more vigorous activity is to be investigated, other 
modulation systems may be preferred, but for small animals 
the maximum allowable size and weight will be a determin- 
ing factor in any design. 
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A Multiple Channel D.C. Recording System 


By H. D. Scott* 


An amplitude modulation multiple carrier system has been designed to permit the tape recording 
of electrical signals in the range d.c. to 10c/s inclusive. Up to 12 independent data signals, a voice 
channel, and timing signals may be accommodated on a conventional single track portable magnetic 
tape recorder. Special circuits have been devised to effectively cancel spurious amplitude fluctuations 


introduced by the recorder. The 


system is linear to an accuracy of +1 


per cent of 


maximum instantaneous signal amplitude. 


(Voir page 377 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 382) 


E geophysical research, it is frequently desirable to 
simultaneously tape record a number of electrical signals, 
occurring in the frequency range d.c. to a few cycles per 
second. The conventional type of tape recorder is unsuit- 
able for direct recording of data signals of this nature as it 
is unable to handle frequencies below about 30c/s. 
Although special f.m. magnetic tape recorders are available 
commercially for recording signals in the frequency range 
0 to 100c/s, several considerations limit their general 
acceptability. The initial cost of the recorders, particularly 
the multiple track instruments, is 
prohibitively. high for many applica- 
tions and in addition, the perform- 
ance of the recorders, although 
satisfactory for the frequency range 
Ic/s to 100c/s, is usually poor 
below ic/s. Serious drifting of 
the d.c. level with consequent 
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example the greatly increased signal deterioration as a 
result of the amplitude modulation process. 

In the tape recorder used, noise components are generated 
with frequencies ranging from a fraction of a cycle per 
second to several kilocycles per second. In the present 
system only those noise components which occur in the 
frequency. range 0 to 10c/s are of concern, since all higher 
frequency components are removed by conventional 
filters. Over this low frequency range, the noise is of a 
continuous periodic nature and is of the order of 20dB 
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restriction in accuracy is frequently 
encountered. 
An amplitude modulation system 
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which overcomes the preceding 
objections has been designed, using ai 
a conventional single track low Fy 
speed magnetic tape recorder. It 
is used in conjunction with special = = 
electronic circuits, to provide 
accommodation for a possible 12 ' 4 
independent data signals, together 
with speech and timing signals. 

The signal processing is such that 
a data signal waveform in the range d.c. to 10c/s is pre- 
served to an accuracy of +1 per cent of maximum instan- 
taneous amplitude. 
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Fig. 


General Description of Technique 

The basic system is shown in Fig. 1 where data, voice, 
and timing signals amplitude modulate carriers, which are 
combined and recorded on a single track tape recorder. On 
playback, the signals are separated with filters, demodu- 
lated, and the original signals recovered. i 

Inherent in the tape recording process is the introduction 
of amplitude fluctuations or noise modulations on the 
envelope of each carrier, caused by imperfections in the 
tape and the variable contact of the tape with the recording 
and playback heads. Since the noise appears as a modula- 
tion on the signal, it is a constant percentage of the signal 
amplitude and ordinarily causes little difficulty when data is 
recorded directly, but it can cause serious degradation, when 
a carrier system is used. The difference in the situations is 
illustrated in Fig. 2 where the first example shows the 
degradation of a directly recorded signal, and the second 
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1. Basic multiple channel d.c. recording system 


below the carrier level, for carrier frequencies below 5kc/s. 

For carriers of 5kc/s and below, it has been established 
that the noise modulations of carriers recorded a few 
hundred cycles apart are well correlated, and this fact has 
been used to construct a device to effectively cancel the 
noise. 

The non-uniform degradation of a low frequency data 
signal as a result of the usual amplitude modulation, carrier 
recording process is illustrated in Fig. 3 where (a) shows the 
original signal, (b) the recovered signal, and (c) the noise 
component in (b). 

The noise cancellation involves the production of another 
noise signal similar to (c) but opposite in phase, which when 
added to the recovered signal (b) will just cancel the noise, 
leaving a data signal essentially noise-free as shown at (d). 
A data signal modulated carrier and an unmodulated 
carrier of suitable frequency separation, are recorded 
simultaneously. A noise signal obtained by demodulation of 
the recorded unmodulated carrier (now noise modulated) is 
treated and added in reverse phase to the noise modulated 
signal obtained from the data signal carrier. 

Fig. 4 shows a graphical representation of how the 
original noise is generated, and the cancellation noise 
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isolated, reversed, and injected. (a) shows a low frequency 
square wave to be recorded, (b) the signal modulated 
carrier, and (c) the same modulated carrier after recording 
and playback. (d) and (e) show the effect of the recording 
process on an unmodulated carrier which was recorded 
simultaneously with (b) and differs from it in frequency 
by a few hundred cycles. The noise components of the 
modulated carrier (c) and unmodulated carrier (e) are 
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Fig. 2. Mlustration of the comparative signal deterioration of directly 
recorded and carrier data signals 


(a) Original data signal 

(b) Noise modulation on directly recorded data signal 

(c) Noise modulation on carrier recorded data signal 
‘ (d) Demodulated carrier recorded data signal 


(a) Cb) 
(4) 


PO Ieee 


(¢) 


Fig. 3. Mlustration of the non-uniform noise modulation of a carrier 
recorded data signal 





(d) (e) 
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Fig. 4. Illustration showing the mechanisms of noise generation and 
noise cancellation 


similar in character but differ in strength. The mean ampli- 
tude of the noise component of (e) is uniform, whereas that 
of (c) is varying in accordance with the carrier envelope. 
After rectification and recovery of the modulation com- 
ponents from the two carriers, the resulting signals will be: 
from (c) the polarized signal shown at (f), the three com- 
ponents of which are the original data signal, a variable 
strength noise component, and a d.c. component, from (e) 
a steady polarized noise signal as shown at (g). The d.c. 
terms are introduced in the -recovery process and their 
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removal or modification is accomplished by further pro- 
cessing. 

Injection of a bucking bias on the noise signal (g) will 
yield a non-polarized noise signal as shown at (h), and a 
slight adjustment of the magnitude of the constant term of 
(f) will produce a signal with an amplitude practically 
proportional to the modulated carrier (c). The latter signal 
is then used to vary the noise signal (h) by a multiplication © 
process. This produces a modified noise signal (j) with a 
waveform almost identical to that of the noise on the 
recovered data signal (f). Addition of this treated noise in 
the proper phase and amplitude, to the data signal (f) will 
then cancel the noise, and injection of a constant to produce 
a zero d.c. term will leave a nearly perfect replica of the 
original data signal as shown at (k). 

Ideally, the multiplication factor (f) should be exactly 
proportional to the modulated carrier (c) without the noise, 
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Fig. 5. Modulator and pre-recording input 


however, since the noise component is relatively. small, the 
approximation is satisfactory. 

Although not of concern in the present requirement, it 
was observed that effective cancellation of higher frequency 
noise is also realized, and the technique appears particularly 
effective for the elimination of signal ‘ drop-outs ’. 


Description of Prototype System 

A practical version of the system employing the tech- 
niques described in the preceding section has been built, 
using an Ampex 400A portable tape recorder. At 15in/sec 
tape speed using ordinary 2 400ft length tape, one-half hour 
of continuous recording is available. The system is 
capable of handling two data signals, plus timing and 
speech signals. It employs carrier frequencies of 800, 1 010 
and 1200c/s for the data signals, 5kc/s for. the timing 
signal, and 12kc/s for speech. The particular choice of 
data signal carrier frequencies was based partly on the 
necessity of insuring freedom from spurious signal genera- 
tion, such as might occur through sum and difference fre- 
quency combinations. 
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Fig. 7. Typical components of system showing unit construction 


Aside from this precaution, it appears that little difficulty 
would be encountered in extending the system to accom- 
modate another 10 data channels in the region below 5kc/s. 

Fig. 5 shows a block diagram of the modulator and 
other pre-recording input apparatus, and Fig. 6 shows the 
playback equipment. The apparatus shown in the figures 
differs from the basic equipment of Fig. 1 because of the 
incorporation cf the noise cancellation circuits as described 
in the preceding section. The changes include the addi- 
tion of an unmodulated carrier generator to the pre- 
recording equipment and additional playback circuits re- 
quired in processing the cancellation noise. 

For multi-channel portable operaticn, it is only neces- 
sary to have the pre-recording equipment transportable, 
since playback is usually accomplished at a fixed station. 
Circuits were selected which enabled the construction of 
accurate and stable carrier modulation apparatus, parti- 
cularly suitable for portable operation. Examples of the 
modular construction of typical components are shown in 
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Fig. 6. Playback signal processing 


the photographs of Fig. 7 where (a) shows a triple carrier 
generator capable of producing simultaneous fixed fre- 
quencies of 800, 1010, and 1 200c/s, (b) a dual channel 
modulator and (c) a typical bandpass passive filter used in 
the playback equipment. Schematic diagrams of the basic 
oscillator and modulator circuits employed are shown in 
Figs. 8 and 9 respectively. The playback equipment, with 
the exception of the band-pass filters, is assembled from 
commercially: available apparatus. 
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Fig. 8. Carrier generator employing transitron oscillator 
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Fig. 10. System response to a triangular waveform 


(a) O-Ic/s input signal 


(b) Output signal without noise cancellation feature 
(c) Output signal completely processed 
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Fig. 11. System response to d.c. signals 


(a) Response, without noise cancellation feature, 


(b) Response as (a) completely processed 


(c) Response, without noise cancellation feature, 


(d) Response, as (c) completely processed 


Extension of the system to allow the accommodation of 
more data channels would merely involve replications of 
the modulator equipment and additional filters in the play- 
back equipment. If simultaneous playback of a number 
of data signals is desired, it would be necessary to provide 
a playback processing channel for each signal. However, 
most requirements would only necessitate the playback of 
one or two signals at a time, in which case, a single or 
double channel, comprising the demodulators and asso- 
ciated noise reduction circuits would be sufficient. 


System Performance 

The frequency response of the system is uniform within 
1 per cent throughout the range 0 to 10c/s, and is princi- 
pally determined by the constants of the band-pass filter 


JUNE 1959 343 


to a steady positive d.c. voltage of 7min duration 


to a steady negative d.c. voltage of 7min duration 


in the playback equipment. Extensions to this range may 
be obtained by using filters with a wider pass-band. With 
the present filters the rejection is such that cross-over with 
neighbouring filters occurs at a point approximately. 50dB 
below maximum response, and no interference is observed 
between channels. Increasing the pass-band would of 
course, reduce the number of available channels in a given 
portion of the spectrum. 

Figs. 10 and 11 show the actual response of the system 
to typical input signals and the extent of noise cancella- 
tion obtainable. The +5 per cent degradation of the tri- 
angular waveform as a result of the a.m. carrier recording 
process is quite apparent in the centre of Fig. 10, and the 
extent of the noise cancellation is exemplified in the third 
extract, where no portion of the waveform now departs 
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by more than +1 per cent of maximum from the original. 
The examples in Fig. 11 show the considerable improve- 
ment obtained for both positive and negative steady d.c. 
signals. 


Conclusion 


Employment of amplitude modulation together with 
noise cancellation has enabled the use of conventional 
magnetic tape recorders for signals in the frequency range 
0 to 10c/s. Although the system described was designed 
to handle only two independent data signals, there is every 
indication that, with proper choi¢e of carrier frequencies, 
little difficulty would be encountered in extending the sys- 
tem to accommodate many more signals. 

Although more extensive tests would be required to 


determine definitely the long term performance of the 
equipment, it appears likely that unless radically inter- 
rupted by component failure, uniform operation would 
prevail. The usual precautions with respect to stable 
power supplies, proper ventilation of apparatus, and the 
use of care in adjustment will lessen the possibility of 
increased error. 
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ERGONOMICS AMID ELECTRONICS 


The application of anatomy, physiology and psychology 
to the study of man at work, and the combination of these 
with engineering to fit the job and the machine to the 
operator, has been named Ergonomics; Human Engineering 
is the term used in the U.S.A. The problems of fitting 
together men and machines have arisen from the speed of 
technological progress during and since the war. Ten years 
ago workers interested in these problems founded in 
England the Ergonomics Research Society, the first of its 
kind in the world. 

However, the industrial application of Ergonomic know- 
ledge has been pioneered in the U.S.A. Several of the chief 
American aircraft firms employ more human factors 
specialists than the whole of British industry. By contrast 
the lead in what Ergonomic work is being done in British 
companies appears to be taken not by aircraft but by 
electrical and electronic firms. At the tenth anniversary con- 
ference held recently in Oxford by the Ergonomics 
Research Society on “Ergonomics; its place in industry ”, 
more than a quarter of the persons present who came from 
industry were from electrical or electronic companies. 

Three companies in particular appear to be actively 
engaged with Ergonomics as well as electronics. Metro- 
politan Vickers Ltd has had an Appearance Design group 
for a number of years, The General Electric Co. Ltd 
Atomic Energy Division has recently started an Ergonomics 
section and E.M.I. Electronics Ltd has had a research 
psychologist and laboratory at work on Ergonomic prob- 
lems for nearly five years. 

At the Oxford conference two papers were presented 
on electronic aspects. Mr. J. Arrowsmith (E.M.I.) discussed 
“Numerical Machine Tool Control and the Operator ” 
and pointed out how this form of automation changed the 
skills required of the production team and eased the load 
on the operator. In conventional production methods, 
special tools usually have to be designed and made; for 
‘controlled machines’ these are, in general, unnecessary, 
but there is the different task of programming the control 
data. With a ‘ numerical’ machine a complicated shape can 
be cut in a single operation, whereas with conventional 
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machines several cutting changes are necessary and perhaps 
several different machines may have to be used. 

The comparison of methods shows that, although the 
numerically controlled machine is automatic, it must still 
have an operator in charge. His tasks have been eased, 
however, since he is no longer responsible for the accuracy 
and shape of the work. Thus the controlled machine 
achieves its aim of increasing production, not by eliminat- 
ing the operator, but by easing his task and enabling more 
to be produced per man. 

Mr. B. Shackel (E.M.I.) reviewed the past and offered 
some suggestions for the future from his experience of 
practising “Ergonomics amid Electronics”. The Ergonomist 
can help the engineer in three particular parts of his work, 
on the detailed design of displays and controls, on the 
general layout of equipment panels and on the basic prob- 
lems of system design for man-machine compatibility. 
Ergonomic research is also being directed by various 
workers towards problems of design for easier maintenance 
and the training of personnel in better fault-finding pro- 
cedures. 

As instances of the use of Ergonomic advice during the 
design stage, some oscilloscopes, the EMIAC analogue 
computer and some aspects of an airline seat-reservation 
system were illustrated. The latter provided an interesting 
example of how an Ergonomic method, analysing in minute 
detail how the operator would ‘talk’ to the computer and 
preparing an exact sequential man-machine flow diagram, 
was found to be very useful to the engineering design itself 
as well as helping to ensure adequate attention to operator 
requirements. 

Finally, Mr. Shackel pointed out the need not so much 
for more specialists to do this work for the engineers as for 
more engineers to learn and apply the general results of 
ergonomics research. It might well prove desirable that 
ergonomics should be an ancillary subject during the train- 
ing of engineers and at least an optional subject in the 
syllabus and examinations for membership of the Profes- 
sional Institutions. In this way the engineering profession 
would show yet again its ability to absorb the results of 
academic research and put them to sound practical use. 
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THE MODULATOR AS A PHASE DETECTOR 


A Note on the Error due to a Finite Switching Voltage 
applied to a Shunt Modulator 


By W. Fraser*, B.Sc.(Eng.), A.M.LE.E. and R. E. Schemel*, B.Sc.(Eng.) 


Errors occur in the indication of a rectifier modulator when used as a phase detector if the switching 


voltage is not very much larger than the signal. 


The variation and magnitude of this descrepancy 


is considered in terms of the ratio of the input voltages for the case of a transformerless shunt 
modulator. It is shown that a ratio larger than 7:1 is required if the error is to be less than | per 
cent. Details of some experimental tests are given. 


(Voir page 377 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 382) 


MODULATOR circuit with two inputs and one output 

connexion can in general be used as a phase detector, 
inasmuch as the output may be arranged to give an indica- 
tion of the phase difference between the two inputs when 
these have the same frequency. Conventionally, rectifier 
modulator circuits employ transformers to permit the con- 
nexion of unbalanced inputs. These transformers are un- 
desirable when the wanted modulation product is of zero 
frequency, and they also introduce phase shifts which are 
troublesome when the circuit has to operate over a wide 
range of frequency. It has been shown that the transformers 
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£, (Switching voltage) 
(a) (b) 
Fig. 1. (a) Shunt modulator 
(b) Re-arrangement of (a) using a phase-splitter stage 


may. be dispensed with' if one of the inputs (corresponding 
to the carrier, or switching voltage) is connected via a valve 
phase-splitter stage; thus the shunt modulator of Fig. 1(a) 
may be arranged as shown in Fig. 1(b). As a modulator the 
rectifiers X¥, and X2 may be replaced by resistors, but for 
use as a phase detector it is preferable to modify the circuit 
as shown in Fig. 4. 


Phase Detection 

If the two inputs to the modulator are represented respec- 
tively as Ei sin wt and E: sin (wt + @) it is easily shown that 
the output has a direct component given by 


E, = a! E2 cos 


Hence if the input voltages are fixed in amplitude the d.c. 
output is proportional to the cosine of the phase difference 
between the inputs. This is only true, however, if three 
simplifying assumptions are made. Firstly, the rectifiers are 
assumed to possess constant forward and reverse imped- 
ances, which are resistive; switching of the rectifiers is 
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assumed to be entirely due to the polarity of the carrier or 
switching voltage, and finally the rectifiers themselves are 
deemed to possess perfect switching characteristics, i.e. the 
change-over from forward to reverse resistance occurs at 
zero voltage. In practice, none of these assumptions is true. 
When used as a phase detector the greatest error is intro- 
duced by the second assumption which is clearly invalid 
when the switching voltage passes through zero. 


4 Fut 














——___— 2q ——| 


Fig. 2. Effective circuit arrangement and error due to finite switching voltage 


Error Due to a Finite Switching Voltage 

The effective circuit arrangement may be redrawn as in 
Fig. 2(a). In the idealized case the rectifier combination acts 
as either a zero or high impedance shunt on the output 
load, depending on the polarity of the switching voltage. 

In the practical case when the switching voltage is finite 
the circuit behaves as in the ideal case except for the interval 
of time in which the switching voltage is less than the other 
input (£2). By a step by step consideration of the voltages 
applied to the rectifiers over a cycle of finite switching 
voltage it can be shown that the output is as drawn in the 
lower curve of Fig. 2(b). The d.c. output is no longer 
directly proportional to the cosine of the phase difference. 
For a phase difference , the critical points occur when 


E, sin wt = Ez sin (wt + ¢) 
If now k= E;/E; and «= ot, then this condition gives 


sin 
tan «= ————.. 
k —cos@ 
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The output from the circuit is at its full value from 0 to a, 
and from (z — a) to 27; the mean output averaged over 
one cycle is thus 


a 2n 
= JE: Sin (wt+ ) d (wt) + — {f sin (wt+ @) d (wt) 


and this reduces to 
—(E2/7) cos « cos 


When «= 0, a condition reached when k is infinite, the 
output becomes directly proportional to the cosine of 9. 
From equation (1) 

k—cosp¢ 
V[l + k® — 2k cos 9] 
It will be seen that when # =0 or 180°, cosa = 1, and 
thus although k is finite there is no discrepancy in the d.c. 
output; when ¢ = 90° or 270°, cos ¢ = 0 regardless of the 
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Fig. 3. Output against phase-angle for the range 0 to 90° 


value of cos « and so a finite value of k will again cause no 
error. Between these limits cos « will not be equal to unity 
and an error will occur. It can be shown by. differentiation 
of equation (2) with respect to » that the maximum error 
occurs when 


| rere ee eer rere ree (3) 


and so, for example, if kK = 2 the maximum error will be 
at 60°. The actual value of the maximum error is obtained 
if the value for cos @ in equation (3) is substituted in equa- 
tion (2). This gives 

cosa = V(1 — 1/k’) 
and if k> 1, cos 21 — 1/2k’. 


Fig. 3 shows curves of output against phase-angle, for 
the range 0 to 90°, calculated for different values of k. 
When k = | and @ = 0°, equation (2) is indeterminate; the 
rectifiers then have zero voltage applied across them. It will 
be seen that the curve changes shape between the values 
of k = 1 and k = 2. This change of shape does not occur 
if k is greater than a critical value which is k = V(2/ V3), 
or k = 1-075. 

If cos g is to be measured with an accuracy of 1 per cent 
then k must be greater than 7-1; if, say, kK = 10 the 
theoretical maximum value of the error due to this cause 
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is —0-5 per cent. These results correspond with the well- 
known criterion used in modulator practice that the switch- 
ing voltage be large compared with the input signal. 

If a measurement of the angle itself is required, then at 
the point of maximum error cos¢=1/k, and if the 
measured angle is denoted by ¢’, then 


cos ¢’ = cosa cos@ = V(1 — 1/k*)/k 
whereas cos @ = 1/k. 


By a comparison of the series expansions for the two 
angles. the error is approximately 1/2k* radians, and if this 
is to be less than say, 1°, then k must be greater than 3-1. 


Experimental Tests 


A series of measurements were made to test the validity 
of the theoretical predictions. Fig. 4 shows the circuit used. 

As the modulator is a.c. coupled to the phase-splitter a 
d.c. path must be arranged to prevent the coupling capa- 
citors from being charged by the rectified current; this is 
provided by an additional rectifier (X) as shown. Ri was 
used to compensate for differences in the rectifiers, while 
R: and Rs were inserted to increase, and equalize, the 





Ont.+ 











Fig. 4. The circuit used for experimen‘al tests 


source impedances of the switching voltage. Germanium 
rectifiers, with a forward resistance of approximately 1500, 
were used. They were selected by visual comparison of their 
forward characteristics on an oscillograph with the charac- 
teristics of a pair displayed simultaneously. 

Tests were carried out at Ikc/s and 10kc/s. The ratio of 
voltages was varied from 4 to 30 and the corresponding 
outputs measured for phase differences between 0 and 90° 
Close agreement was obtained with the theoretical predic- 
tion, with curves of the same form as shown in Fig. 3. The 
maximum discrepancy with the predicted value was 2 per 


-cent in the case when a value of k = 4 was used. It should 


be noted that as a consequence of the curvature in the volt- 
ampere characteristic of practical rectifiers, their switching 
action is not instantaneous, and the effect is to increase the 
value of a. It was found that the error varied slightly with 
the value of the output impedance, and was a minimum 
when the load was matched to the impedance of the modu- 
lator. This was approximately 5k. 


Tests were also made with a square wave switching 
voltage. This reduces the time interval in which the switch- 
ing voltage is less than the other applied voltage, and corre- 
sponds more closely to the ideal of an infinite switching 
voltage. Measurements at 10kc/s confirmed an improve- 
ment. For k = 4 the maximum deviation from a cosine 
curve was never greater than 1 per cent. 
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The Design of 
Biased Diode Function Generators 


By C. C. Ritchie*, M.A., and R. W. Youngf 


The design of biased diode function generators is considered and equations are derived relating 

the number of diode sections, the minimum error obtainable, and the spacing of the diode section 

to give this minimum error. The construction of a sine function generator, using these principles, 
is dealt with in some detail. 


(Voir page 377 pour le résumé en frangais; Zusammenfassung in deutscher Sprache Seite 382) 


O find solutions to problems in applied mathematics it 
Be common practice to reduce the equations to a simpli- 
fied linear form. This has been necessary because of the 
limitations of mathematical analysis, and when one resorts 
to numerical methods the time required may become pro- 
hibitive. For various reasons however, the engineer, chemist 
or physicist must now try to find solutions of the non-linear 
equations which in most cases express more correctly the 
behaviour of his system. 





NON - LINEAR 
(9) 
E IMPEDANCE a 


NON-LINEAR 
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Fig. 1. Alternative positions of non-linear unit 


If a digital machine is used for the computation the time 
required for the non-linear version may be many times that 
required for the linear. With an analogue computer on the 
other hand the time required is unchanged. This facility of 
the analogue computer of solving non-linear equations is 
one of the principal reasons for its widespread use. 

A common method of introducing non-linear functions 
of a variable into an electronic analogue computer is by 
the use of an impedance which will pass a current propor- 
tional to the function when a voltage proportional to the 
variable is impressed across it. 

If such a unit is used as the input impedance of a high- 
gain d.c. computing amplifier then (see Fig. 1(a)) the output 
voltage will be 

Eo = -- const. F (Ej) ee (1) 
If the unit is placed in the feedback position as in Fig. 1(b) 
then 
Ey = ~COMMAE i 6500s cbex (2) 
where f is the inverse function of F. For example (a) if 
F(E\) = (Ei)? then f(Ei) = VE, (b) if F(E)) = sin E; then 
{(E\) = are sin Ej, and so on. 

The non-linear impedance may be constructed from a 

number of biased diode switches. By this means an approxi- 
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mate representation of the function can be built consisting 
of a number of straight line segments, that is, the curve is 
replaced by a straight sided polygon. This type of unit is 
described in many papers and books. 

A method is presented here of computing the values of 
the variable at which the diodes are switched, known as the 
‘ break-points ’, and also the method of choosing the values 
of the approximate function at the break-points which will 
minimize the error. 
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Fig. 2. Three possible relationships of curve to tangent 


The design of a function generator using silicon diodes 
as switching elements is then considered. 


Error in Using a Straight Line Approximation 

The error ¢ of the approximation is defined as follows: 
If f(x) is the value of the approximation to the required 
function F(x) then e is defined by the equation 

= We) — FO)... so ceveaccsec (3) 

Fig. 2 shows the three possible cases when a tangent is 
drawn to the given function at x= a. 

In Fig. 2(a) the function is concave upwards, in Fig. 2(b) 
it is concave downwards, in Fig. 2(c) x = a is a point of 
inflexion. 

Taylor’s expansion of the required function F(x) at 
x =a is:— 

F(a + 4Ax) = F(a) + (1/1!) (Ax/2) F’(@+ 
1/2! (Axp F’%(@) +.... + (1/n!) (Ax/2) F*(a) 
See NE re (4) 


The error (called 2¢ for the moment) in using the tangent 
to the curve at x = a, at distance Ax/2 from a is 


F(a + Ax/2) — F(a) — (Ax/2) Fa) .... .. (5) 
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and this to a first approximation is equal to 
EIZTADAT ET POD occ cccase .. (6) 


In case (a) this is a positive quantity, in case (b) it is 
negative, in case (c) it is zero. For case (c), from equation 


4 
" Be es Be aa! |) (7) 
At the point x = 0 the function y = x" has 
Yy=yay"a=...=y7=0, 
so that the error at this point is approximately equal to: 
1/n! (Ax/2)2 y™ (©) = (Ax/2P ........ (8) 


If the tangent in Fig. 2(a) is moved vertically upwards a 
distance « and that in Fig. 2(b) downwards through the 
same distance then the errors will be as follows: 


(a) (b) 
a — (Ax/2) +e —e€ 
a —€ +€ 
a + (Ax/2) +e —e€ 


By this means the maximum error is halved. The artifice 
cannot be used in the case in Fig. 2(c) so ¢ must be 
equated to the expression (7) to make the system con- 
sistent. 


The formulae giving the maximum interval for a given 
acceptable error are: ; 


Cases (a) and (b) (Ax? = om bese Met (Type 1) 
|F”(a)| 

‘ _ 486 

Case (c) (Ax) = F(a) eecccene (Type 2) 


These formulae could be extended to cover the expression 
given in equation (8). In some cases it may be desirable to 
include a section which is tangential to the curve, e.g., at 


x = «/2 if it is desired to set up sin x. In this case one must 
equate equation (6) to e 
8e 
so that Ax¥ = ———_...... eee T 3) 
(Ax) |F”(a) (Type 


To illustrate the accuracy of the above formulae con- 
sider the function y = sin x at the points x = 0, x = 1-000, 
x=27/2. 

At x = 0 there is a point of inflexion so that 

Ax = V(48e/cos 0) 
and for a value of e = 0-001 
Ax = 0:3634 
giving 
(Ax/2) = 0-1817 


Fig. 3. Optimum interval as function of « 
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Fig. 4. Number and position of break points as functions of ¢ 


sin 0°1817 = 0-1807, so that the error is 0-0010 as required. 
At x = 1:000, for e = 0-001 and using formula (Type 1) 


Ax = [(18* 201) _ 6.1379 
sin 1-000 


The end points are then 0°931 and 1-069 

4 {sin 0-931+sin 1069 } =4 { 087672 +0-80222 } 
=0-83947 

sin 1-000 = 0-84147 
The error is then 0°0020 that is 2e as required. 
At x = (x/2) and using formula (Type 3) for e = 0°001 
Ax = V(8 x 0-001) = 0:08944 
(Ax/2) = 0-04472 


sin [(7/2 — 0:04472] = 0°99900 giving the required value 
of the error. 


Application to Function y = sin x 
y =sinx 


” 


y” = -sinx 


The type | intervals are given by 


i 2 ) 
Ax= : 
sin x 


This function of « and x is given in Fig. 3 for the 
selected values « = 0-001, 0°002, 0-005, 0-010 and for x 
from 0 to 180° (there is symmetry about x = 90°). From 
this graph the value of Ax can be read off, for example, 
to compute the interval starting at 20°, a value of x, say x, 
such that x: — 20 is equal to Ax/2 as given by the appro- 
priate curve. This computation is facilitated by adding a 
further scale (B) so that on joining two points such as 
x= 20° on them the 
point of intersection will 
be the mid-point of the 
interval whose length 
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next break point would 
be 31-2°. 

On this graph the lines 
marked c and D are the 
boundaries of Type 2 
and 3 intervals respec- 
tively. 

It is a simple matter 
to construct from this 
a set of curves such 
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as are shown in Fig. 4. This gives the position of the 
break points for values of ¢ from 0-001 to 0:010. From this 
it can be seen that one type 2 half-interval, four type 1 
and one type 3 half-interval can cover 0° < x < 90° with 
a maximum error of about 0-38 per cent. 

Table 1 gives the improvement in accuracy to be expected 
when the number of intervals is increased. 


TABLE 1. 





Maximum 
Error 
(per cent) 


NUMBER OF INTERVALS | 
} 
| 
1-12 





Type | Type 2 Type 3 
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Fig. 6. Equivalent circuits of unit 


Characteristics of Silicon Diodes 
Fig. 5 shows typical J,/V, and R/Va- characteristics for 
a silicon junction diode. To examine the effect of this non- 
linear function the current through a typical unit must be 
computed as a function of the input voltage. 
From Fig. 6(a) 
_ _(E,/Ri) — (100/R:) 
~ (1/Ri) + (1/Re) + (1/Rs) 
a __ aE —s 100 
~ Rl + 2) + R2 


where aR, = R2. 


i 








. 1/Rs 
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If as in Fig. 6(b), Rs is the diode resistance Ra in series 
with the amplifier input resistor Ri, then 
aE; — 100 =i (Ra(l + «) + Ri(i + a) + R2) 
Taking the values Ri, R2 and Rj as shown in Fig. 6(b) 
then « = 2 and Fig. 7 is the curve of i as a function of the 
input voltage Ei. 


Basic Circuits 

The function generator consists of a number of basic 
unit circuits of the types shown in Fig. 8. The diagrams on 
the right-hand side of this illustration show the output 
voltage of the amplifier as a function of the input voltage. 
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Fig. 7. Properties of single unit near break-point 
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Fig. 8. Five basic circuits 


Design of a Sine Function Unit 
The portion of the curve to be simulated is 
A Eo = 100 sin Ei 
and with a scale of 1 volt per degree the limits of E; and 
E. are 
0< Ei < +90V 
0>E.> —100V 
This curve is shown in Fig. 9(a). It was decided to use 
eight diode units as this appeared to be a reasonable com- 
promise when cost and accuracy were considered. 

It will be noticed from Fig. 8 that a combination of one 
type B and a number of type A units would give a curve 
of the correct shape. This would, however, require the 
provision of both +E, and —£,. It is possible using one 
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of type E and a number 
of type D to avoid the 
necessity for this. Fig. 
9(b) shows how these 
units are associated with 
the summing amplifier. 

From this it will be = 
seen that the computing 
and setting up of the 
various stages must be 
made from Ei = 100 to 


-lIOOV 





OSCILLATOR 
30 to 40c/s 











E, = 0 as illustrated by 
Fig. 9(c). 
The positions of the 
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break-point is determined 
by the ratio Ri/R2. Table 
2 line 2 gives the break- 
point 
derived from Fig. 4. 


ft 


TABLE 2. 





BREAK POINT 1 2 3 4 1 < 7 8 








EB(V) S7 i OO) @| Gi 321 4 28 | 12°5 


R, (kQ) 100 | 90; 82; 82}; 68} 62] 47} 22 


R, (kQ) 116 | 113 | 115 | 133 | 132 | 154 | 167 |199 












































* The values of R; and R: can be determined from the 
equations 
|. a ree (9) 
R2 |Ex| 
SN eee 10 
Ri + Re 100 + |Ex| (19) 
Where R is the maximum acceptable load between the 
bias supply and the signal, and N is the number of diode 
sections. 
For various reasons R was chosen to be about 25kQ 
and as previously mentioned N had the value 8. 





Fig. 9. (a) Function —100sinE,, 1V = 1 degree 
(b) Method of jating the required types of anit 
(c) Method of setting up function 
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X Defiexion Y Deflexion 


(a) (b) 


voltages Es, as Fig. 10. (a) Circuit for setting break-points 


(b) Typical oscilloscope display 


Therefore 
es oe) (11) 


c= |Ex! 
200 ~ 100 + ‘Eni 


The calculated values of R. and Ry: were kept as low as 
possible since for the type of resistors used (4W, high 
stability, 1 per cent) those of lower values have better long- 
term stability. By using a Wheatstone bridge 400kQ 
resistors of this type were matched by selection to better 
than 0-1 per cent. 

In order to locate the break-points accurately a potentio- 
meter is placed between R: and R: the value being decided 
by the expected variation of this voltage caused by resistor 
tolerances. R: is usually a preferred value, and R2 may in 
fact be up to three resistors in series in order that the 
potentiometer can have a small value of resistance, thus 
increasing its resolution. 








Setting the Break-points 

Fig. 10(a) shows the set-up which is used to locate break- 
points accurately. A sinusoidal voltage of about 10V peak- 
to-peak and about 30 to 40c/s is mixed with a d.c. signal 
from a potentiometer and fed into the unit. The 1MQ 
resistor is connected to the diodes, stage by stage, the 
resulting output voltage being displayed on the Y-axis of 
an oscilloscope against the sinusoidal voltage on the X-axis. 
A 1MO©. potentiometer is used to mix the input and output 


_ voltages so that the change of slope caused by the diode 


‘ breaking‘ is more apparent. When the ‘ break’ is in the 
centre of the trace then the break-point potential is given 
by the d.c. component of Ej. Fig. 10(b) shows a typical 
break point as displayed by this method. 


Setting the Slopes 

The next step is to find the required values of Rs and 
this is best achieved by substituting a three-decade variable 
resistance box having a maximum value of 10MQ. This 
need only have an accuracy of 1 per cent. By this means 
each slope may be set up in turn, the decade box being 
replaced by two fixed resistors and a variable resistor before 
proceeding to the next stage. 

From the calculated maximum value of the error for 
eight diodes (0-14 per cent), it was decided to displace the 
curve at the break-points by —0°2V. The adjusted values 
are shown in Table 3. 
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TABLE 3. 
























































BREAK POINT 1 2 3 4 | 5 | 6 7 8 
peerage 87 80 72 62 | & | 4 | 28 12-5 
100 Sin E: 99-87 98-48 95-10 88-29 | 78-80 | 65-60 | 46:95 21-64 
Eo (V) # —100-0 —98-68 |  —95-30 —38-49 | —7900 | —6580 |  —47.15 | —21-84 
IMQ Ry deal with curves presented in graphical or tabular form. 
In this case one may (a) fit a polynomial statistically, (b) 
DIODE E. | use second differences for determining break-point positions, 
UNIT (c) fit the slopes and break-points by eye. Using (c) an 
accuracy of +2 per cent f.s.d. can usually be achieved. 
oft 
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Fig. 11. Circuit for setting slopes 
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Fig. 12. Typical error curve 





Fig. 13. A function unit 


Fig. 11 shows the bridge circuit used for measuring 
Ei and E.. 

When the setting up was completed the errors for a 
large number of values of E; were measured. Fig. 12 shows 
the error curve for the function discussed. 


Arbitrary Functions 
So far it has been assumed that the function has an 
analytical form. Frequently,” however, it is necessary to 
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Function Generator for G-PAC Computer 

Fig. 13 illustrates a function unit. It consists of a frame- 
work which fits into the front of the Elliott G-PAC com- 
puter. Into this four printed circuit cards each containing 
four diode sections can be inserted. Cards are made up in 
sets for each function required. 
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Semiconductor Factory Extensions 


Work on the second stage of the central Mullard Semi- 
conductor Plant at Southampton has now been completed. The 
new section adds approximately 50 000ft? of floor space to the 
plant’s manufacturing capacity, and is already in production. 

During the last two years (that is since the plant first began 
producing), the demand for transistors of all kinds has in- 
creased at a very high rate. Because of this, the building pro- 
gramme for the second stage of the Southampton plant was 
advanced some months ahead of schedule, and production of 
semiconductors elsewhere in the Company has also been stepped 
up. 

Much of the space arising from the new section is given over 

to the large-scale production of silicon transistors and diodes. 
The demand for silicon devices, which can operate at much 
higher temperatures than their germanium counterparts, is 
growing rapidly for industrial and military purposes, and an 
increasing amount of the plant’s resources is being devoted to 
manufacturing them. It is expected that by 1960 silicon devices 
will account for a significant proportion of the total output. 

The problems of making silicon transistors in large numbers, 
at economic prices, and with the desirable characteristics re- 
quired by equipment designers, have teen engaging world-wide 
attention; and the successful production techniques evolved at 
Southampton have been arrived at only after intensive research 
programmes. 

Since production began at Southampton, major advances in 
technology and manufacturing techniques developed in the 
plant have more than doubled its productivity. 

The extra manufacturing capacity resulting from the com- 
pletion of the new section, combined with the increases in pro- 
ductivity, means that the plant’s output in 1959 will be more 
than twice that of 1958, representing, in monetary value, two- 
thirds of the Company’s total semiconductor output. The 
remaining third is supplied by the Mitcham plant and other 
factories in the organization. 

The range of types in the Mullard semiconductor production 
this year will be wide enough to satisfy most of the require- 
ments of the radio and electronics industry both at home and 
overseas. 

The next stage in the development of the Southampton plant 
is the construction of a 30 000ft? administration wing, scheduled 
for completion early in 1960. This will release for manufactur- 
ing purposes a further area of factory floor space now being 
used for offices. 

Following this a further large section is to be added to the 
main factory building. 

When completed, the Southampton plant will employ between 
2000 and 2500 people. Its payroll at present numbers 1 000 
of whom no fewer than 70 are graduate scientists and engineers 
working in the plant’s research and development laboratories. 

The total number employed on transistor production through- 
out the Mullard organization is at present 1 500. 


351 ELECTRONIC ENGINEERING 





A Large Screen X-Ray Image 
Amplifier 


A 12in X-ray image amplifier of a design suitable for all 
types of clinical application has been produced and demon- 
strated by Marconi Instruments Ltd. 

A valuable feature of this equipment is that it will 
lead to a lessening of the X-ray dosage to the patient. 
During tests on the equipment, the abnormally low dose- 
rate of 2mr/sec has been used to view a thorax while 
maintaining an image of sufficient clarity for accurate 
diagnosis. 

The system relies on the reproduction of the fluoroscopic 
image on a television-style monitor screen, thus permitting 
the monitor to be placed in the best position for comfort- 
able viewing by the radiologist. It is also possible to have 
several additional and quite independent monitors operat- 
ing at points remote from the examination room. This 
facility is especially useful for consultations and for 
application in teaching hospitals. A further feature of this 
apparatus is the provision for remote cine radiography 
and serial radiography, which makes it possible to produce 
a continuous record of the large fluoroscopic image at doses 
tolerable to the patient. 

Although presentation of the final image is somewhat 
different from the conventional method, the radiologist is 
not called upon to develop new techniques. The method of 
operation is not complicated in any way and the only addi- 
tional controls with which he has been provided are five 
push-buttons and two switches. 

The push-buttons, which are physically large and there- 
fore easily operated when wearing lead-rubber gloves, 
control the sensitivity. of the image amplifier and do not 
involve any alteration to X-ray output. They provide the 
operator with a means of selecting the best possible image 
available at any one X-ray technique and their preset posi- 
tions can be chosen by the radiologist at the time the 
equipment is installed. The small remote control unit 
carrying these push-buttons is also equipped with a milli- 
ammeter, giving a direct reading of X-ray tube current, 
and a continuously variable current control. 


Fig. 1. General arrangement of the image amplifier equipment 





a 


The complete equipment 


One of the two switches fitted to the remote control unit 
operates a serial film or cine radiographic unit, thus 
permitting the radiologist to make a permanent record 
of any part of an examination. This procedure does not 
cause any interruption to the image appearing on the 
monitor screen and cine radiographic techniques can now 
be carried out at normal screening doses. 

The second switch governs the polarity. of the final 
image. This facility is unique to the system and enables the 
radiologist to reproduce the image in positive or negative 
form at will. 

Although not yet fully developed, an ‘add-on’ unit 
which will produce a reduction in patient dose of up to 
25 times, will be available in the near future. This unit 
will employ a 10in direct viewing storage cathode-ray tube 
and will provide an alternative system to the conventional 
fluoroscopic techniques in which the patient must be 
irradiated during the whole period required to assimilate 
the information contained in the image. By employing this 
unit it will only be necessary to irradiate the patient for 
the time actually needed to form the image; this is then 
held on the viewing monitor without further radiation to 
the patient until the next image is required. By. causing a 
slow repetition rate, a strobo- 
scopic view of moving body- 
parts is obtained. 
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image orthicon camera tube. Following electronic ampli- 
fication the image is then reproduced on the screen of a 
television-style monitor. 

In addition to the fluorescent screen, lens system and 


_image orthicon camera tube, this unit also contains the 


low-noise head amplifier and the scanning unit. 

The final image is displayed on a_ 17in rectanguiar 
cathode-ray. tube, the actual image occupying the central 
area of the screen, being 1lin square with rounded corners 
12in in diameter. This size is identical with the size of the 
original fluorescent screen contained in the camera unit 
so that, although the image has been increased in bright- 
ness, the physical size remains unaltered. To give the radio- 
logist some additional control over the quality of the final 


image the monitor is fitted with a brilliance and a contrast 
control, but once these controls have teen adjusted, it is 
not normally necessary to interfere with them. A one- 
thousand-line triple-interlace system is employed and the 
general arrangement of the equipment is shown in Fig. 1. 

The viewing monitor is suspended on a single telescopic 
arm attached to an overhead carriage mounted on rails 
which run parallel to the camera unit rails. When fully 
extended, the monitor is low enough to be viewed com- 
fortably. by the seated radiologist and when fully retracted 
it can be parked at one end of the rails in a similar way 
to the camera unit. In use, the monitor can be rotated 
through 85° about the vertical axis and 20° about the 
horizontal axis. 





A Simple Maximum Selecting Circuit 


By J. N. Shearme*, B.Sc.(Eng), A.M.LE.E. 


A description is given of a simple method of selecting the maximum of a set of voltages and 

expressing its position in the set in analogue form. The method has been applied to tracking the 

‘formants’ or regions of maximum energy in a speech signal as part of a bandwidth reduction 
process. 


(Voir page 377 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 382) 


CONSIDERABLE amount of work is being done 

towards reducing the bandwidth required for speech 
transmission by analysing the speech signal and transmitting 
only signals describing information bearing characteristics 
of it. At the receiver, speech is synthesized from these 
signals. Reduction of bandwidth by a factor of at least 20 
to 1 is theoretically possible in this way. 

A large class of sounds are characterized chiefly by the 
frequencies of the regions of maximum energy in their 
spectra. These regions are called ‘formants’ and an 
important part of the analysis process in some methods of 
bandwidth reduction consists of tracking their movements. 

A promising method of tracking formant positions relies 
on examining the rectified outputs of a set of contiguous 
filters covering the frequency range occupied by a particular 
formant and expressing the frequency of the filter having 
maximum output as a voltage analogue’. It seems possible 
that this process of selecting the greatest of a set of signals 
and expressing its position in the set in analogue form 
might have other applications and a very simple circuit that 
has been developed to perform this function may. therefore 
be of general interest. The method is only suitable for 
operating on sets of signals which vary fairly slowly, i.e. 
contain no components of frequency greater than a few 
hundred cycles per second at the most. 


Principle of Operation 

Consider the Wheatstone bridge shown in Fig. 1. 

At balance the tap on r is at point x = 0. If the imped- 
ance of the detector is very large at the frequency of the 
bridge generator f the p.d. across it is directly proportional 
to the fraction x of the resistance r. 

Suppose r and its tap are replaced by a series of equal 
resistors and the junctions between these resistors are con- 
nected through diodes to the set of d.c. sources whose 
e.m.f’s are to be compared (see Fig. 2). In addition the 
detector is shunted by a path of resistance P but very high 
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impedance at the frequency f. Suppose the instantaneous 
e.m.f’s of the sources are e:, @: - - - -. 

With suitable circuit values the p.d. across the resistors 
r/5 can be so small compared with e1, e:, - - - - that the 
cathodes of all the diodes are at virtually the same potential 
and only the diode connected to the d.c. source of highest 
e.m.f. conducts. If, for example, e; > e:, €2, és, és, the bridge 
is effectively earthed at x and an alternating p.d. propor- 





Fig. 1. Wheatstone bridge 


tional to 4r/5 (i.e. proportional to the ‘number’ of the 
generator of maximum e.m.f.) appears at the detector. 
High-pass filtration and rectification yields the direct voltage 
analogue. 

There will, of course, also be a direct p.d. across the 
detector; although this is irrelevant to indicating which 
source has maximum e.m.f. it is of interest that this p.d. is 
proportional to the actual magnitude of the maximum e.m_f. 


Interpolation 

It may be, as in the case of formant tracking, that the set 
of voltages being examined are sample values of a con- 
tinuous function of voliage and that what is required is not 
ihe greatest sample, but the maximum of the function, e.g. 
if the two greatest outputs are equal then the maximum of 
the function might reasonably be inferred to lie midway 
between them. The circuit described above can very simply 
be modified to provide a degree of interpolation of this sort. 


Referring to the circuit of Fig. 2 again, suppose now that 
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the value of e3 increases towards e;. The reverse voltage 
across the e; diode is reduced and its incremental resistance 
decreases. In the region where e; is within a few tenths of 
a volt of e the incremental resistances of the two diodes 
are comparable and the effective earth point of the bridge 
moves smoothly across the r/5 resistor connected between 
them. In this condition the position of maximum voltage 
will be interpolated as lying between the sources of e3 and 
e,. However, interpolation only occurs over a very small 
range of source e.m.f. differences. Moreover, this range is 
approximately constant irrespective of the magnitude of 
source e.m.f., whereas it is generally desirable that inter- 
polation should start when the outputs of two sources are 
in a given ratio. More useful interpolation can be obtained 
by connecting suitable resistors in series with the diodes. 


Suppose these resistors all have the value P (equal to the 
d.c. resistance across the detector) and let P be much greater 


Rake 





Detector 
P 


Ae 


Resonant at /c/s 























Fig. 2. 


Voltage sources to be measured 


than the resistors in the bridge circuit. So long as there is 
one source e.m.f. which exceeds the remainder by more 
than 6dB, the remaining diodes will be reverse biased. The 
diode connected to the maximum e.m.f. will have very 
small incremental resistance compared with the other 
diodes and the bridge will be effectively earthed through this 
diode only. As soon as the e.m.f. of another source 
approaches within 6dB of the maximum e.m.f., the two 
diodes concerned will start to share the total forward 
current, their incremental resistances will become com- 
parable and the effective earth point of the bridge will shift 
smoothly between them. When the two e.m.f's are equal the 
earth point will be midway between their diode connexions. 
(In this condition a third source e.m.f. has to rise to approxi- 
mately. 4 of the maximum value before it starts to play 
a part in interpolation, a fourth to within } and so on). 
Note that the point where interpolation starts depends on 
the ratio between the maximum e.m.f. and other e.m.f’s 
and is independent of the actual e.m.f’s over a wide range. 

It is necessary to shunt the diode series resistance with a 
suitable capacitance so that the changes of incremental 
resistance of the diodes shall not be swamped. If this is not 
done there tends to be a large range of voltage difference 
between two sources where the incremental resistance of 
both diodes is much less than their series resistors and the 
maximum is therefore interpolated as lying halfway between 
the sources. 

The time-constant of the series resistor and its associated 
capacitor places a restriction on the maximum rate of 
change of the source e.m.f’s that can be handled. 
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Use of the Circuit as a Formant Tracker 

Fig. 3 illustrates the main features of a formant tracker 
which operates by determining the frequency of maximum 
energy in the band 700 to 2500c/s of a speech signal. 

This frequency band is covered by 10 equally spaced 
filters the outputs of which after rectification and smooth- 
ing vary slowly in the range 0 to 20V (no appreciable com- 
ponents of frequency higher than 50c/s are present). These 
outputs are examined by the maximum selector. Interpola- 
tion takes place between the channel with maximum out- 
put and any other channel within 6dB of that output. The 
5kc/s output of the maximum selector is filtered to remove 
the low frequency signals and after amplification and recti- 






Tunzd ampiitier 
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rectifier 








Fig. 3. Use of circuit as a formant tracker 


fication indicates the frequency of maximum energy on the 
scale 1V = 25c/s. The d.c. potential at the point a of the 
bridge is proportional to the actual magnitude of the signal 
in the region of its maximum energy. Thus the tracker pro- 
vides signals indicating both the position and magnitude of 
the region of maximum energy. 

In this particular application there are frequent periods 
when the whole set of voltages being examined is zero. In 
this condition the incremental resistance of ail the diodes 
is fairly low (about 40kQ each) and the bridge is effectively 
earthed at the centre of the chain of 10 resistors. The 
analogue output corresponds to a maximum in the centre 
channel of the set. This could easily be altered if required 
by. a small bias on any appropriate diode. 

The circuit has been found in practice to track the 
frequency of maximum energy smoothly and accurately. 
The accuracy is better than 50c/s, but of course this is a 
function of the number of filters and their characteristics 
and bears only indirectly on the accuracy of the maximum 
selector. Nevertheless, since the channels are spaced at 
180c/s intervals it is evident that useful interpolation is 
provided. 
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The Design of Balanced Amplifiers 
Using Components of Commercial Tolerance 


By D. J. Dewhurst*, M.Sc., B.A. 


Although many circuits intended to compensate for the use of commercial tolerance components in 

balanced amplifiers have been published, it is usually found that best results are obtained by the 

use of accurately matched pairs of components. In this article an analysis of the circuit using mis- 

matched components is presented. This explains the observed behaviour, and permits the design 
of an amplifier in which component tolerances can be specified. 


(Voir page 377 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 382) 


face is a considerable literature on the behaviour and 
design of balanced amplifiers for the amplification of a 
desired out-of-phase signal in the presence of undesired 
in-phase signals. The most successful amplifier of this type is 
the well-known ‘long-tailed pair ’. The basic design appears 
to be due to Matthews'. Improvements in stability were 
introduced by Offner’, who employed his design for electro- 


- encephalography. Reviews of practical developments are 


given by Parnum’ and by Dickinson‘. An analysis of the 
circuit is given in outline by Valley and Wallman’, and in 
more detail by Seely’ and by Millman and Taub’. 
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Fig. 1. Basic balanced amplifier 


Definition of Terms 

It is important to have a clear definition of the terms 
used. Consider the balanced amplifier shown in Fig. 1, in 
which all voltages are measured with respect to earth. 

Consider the input voltages e; and e. The input signal 
at any instant may be expressed as the sum of a pure 
in-phase input signal em and a pure out-of-phase input 
signal éo1. The in-phase component is that amount by which 
both input terminals move, which is the mean of e; and 
v2, and is thus given by 

ée1r = ba Ba . eens (1) 


- 


The out-of-phase component is that amount by which each 
input terminal departs from the mean, one positively and 
the other negatively, and is thus given by 


ex = + Dette eee cceees (2) 


It is usually. quoted as a positive value. 


For example, if at some instant e; = +5V and e = —3V, 
then er = +1V and ex = +4V. The two input terminals 
are considered as moving one volt positively together, and 
then departing from this mean value in opposite directions 
by four volts. The advantage of this concept is that if the 
system responses to a pure in-phase and to a pure out-of- 
phase signal are known, its behaviour for any other type 
of signal may be obtained. By the same argument, the in- 
phase output voltage e1 and the out-of-phase output voltage 
€o0 may be obtained: 
e3 + 1 

RR (3) 





ero = 
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and 
es .F 
eo = t —— Dy etevits keen (4) 


These remarks apply even if an unbalanced signal is con- 
sidered. If e: is held at earth while e, is varied, it is still 
possible from equations (1) and (2) to calculate two fictitious 
signals applied to e2, which in this case will always be equal 
and opposite. 
Four separate gains of such an amplifier may be defined. 
(1) The ratio of out-of-phase output to out-of-phase 
input, 
Cn / Cor = Dieceh (tacit tala (5) 
1 — @2 
This represents the amplification which is actually 
desired from the amplifier. 
(2) The ratio of out-of-phase output to in-phase input, 


e00/ ex1 = = . Se ee (6) 
Ci + C2 
This figure is required to be kept to a minimum, since 
it represents an output indistinguishable from the 
desired one, but caused by a spurious input. In a 
perfectly balanced amplifier it is zero. 


(3) The ratio of in-phase output to in-phase input, 





en/en = tells Fee Weta RL (7) 
Ci + C2 
This is required to be kept to a minimum, since it 
governs the amount of spurious signal presented to a 
following amplifier or cathode-ray tube. In the usual 
amplifier stage it has a value of about unity. 


(4) The ratio of in-phase output to out-of-phase input, 


10 / €o1 = RE (8) 
ei — €2 
This is also required to be kept to a minimum, since 
it represents an amount of spurious signal at the 
output generated by the desired input; this can readily 
overload a following amplifier. In a perfectly balanced 
amplifier it is zero. 


The rejection ratio of an amplifier is defined as the ratio 
of out-of-phase output with an out-of-phase input to out- 
of-phase output with the same input applied in-phase: it 
may. be expressed either directly as a voltage ratio, or in 
decibels. A desirable minimum value for biological work is 
10000, or 80dB. There is usually little point in exceeding 
this value for external measurements on human or animal 
subjects, since at this value tissue resistance is such that 
typical interference from alternating current mains presents 
an out-of-phase spurious signal which when amplified 
exceeds any out-of-phase output due to an in-phase spurious. 
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signal. However, for internal closely spaced electrodes in 
brain, nerve, or muscle where electrical stimulation is being 
used, a higher rejection may be of advantage. Commercial 
amplifiers having 90 to 100dB rejection ratio are available. 

In taking a measurement of this type it is important to 
specify the actual amount of in-phase input used, since the 
rejection ratio defined above assumes a linear system and 
thus a small input. Quite moderate in-phase inputs produce 
a non-linear response from the usual amplifier. 


Analysis of Cathode-Compensated Amplifier 

The use of cathode feedback compensation has proved a 
very satisfactory practical method of correcting for some un- 
balance in pairs of components. A study of this circuit 
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Fig. 3. Equivalent circuit of amplifier 


(Fig. 2) was accordingly made to determine the scope and 
limitations of the method. 


Let the fractional unbalances of supposedly matched 
parameters be as follows: 


Let 
ja = wand po = pw + ap 
fai =r, and ras = fa + Bra 
Rui = Ri and Rr = Rt + yRr 
ret = re and rea = re + Ore 
Then the equivalent circuit is as shown in Fig. 3, taking the 
loop currents in opposite directions for symmetry. 
The loop equations for this circuit are 
in(rat Rot rx(ut+ 1+ Re(u+l)) + bRe(ut+1) = wer .... (9) 
ARx(ap+ ut 1)+ ef (rat Rut re(ut 1)+ Re(u+ 1)) 


+ Brat yRut aulret Ore) + Ore(u + 1) + 2uRe] = (a+ ner 
iene e Dstt (10) 
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Let circuit parameters A, B, C, D be defined as follows: 
A =(u + 1)Rx 
B= ratRut+(v.t Dret (ut DR« 
C= B.raty. Rutz. wlret+ Re t8. (ut Dretad. ure 


D =. uRx 
Then equations (9) and (10) become 
B+ hA = |) ee oe rc (11) 
i(A+D) + i(B+C) = (a+ 1uer .... (12) 
Thus 
e3 = Riis 


- e(B + C) — eA (a + 1) 
= pRy a os (13) 





and 


2 
II 


Rily + Die 
e, Biz + 1) — efA + D) 
B(B + C) — A(A + D) 
OuT-OF-PHASE OUTPUT GAINS 

2e0 = &4 — 63 

= pRy, . 

eo((y + 1a + IDB + (a+ 1)A) —ex((7 + ICA + D)+ B+C) 

B(B + C) — A(A + D) 


2 uRily +1). 














he ae eT (15) 
For a pure in-phase input e; = e2 and 2en = 2e: 
so 
Bla + y+ ay) +A(a—y) —D(y+ 1)-C 
a = de, 16 
00/ ex $uRy BB + C) — A(A + D) ( ) 
For a pure out-of-phase input e, = —e; and 2e1 = 2e; 
so 


omles = tuRy et zty tt A@taty+ D+ D+C 
“etiam B(B + C)— A(A + D) 





IN-PHASE OUTPUT GAINS 
2e1 = & + 63 
= BR . 
ex((y+ DG@+ 1)B—(a+ 1)A) +e(B+C—(y+1(A+D)) 
B(B + C) — A(A + D) 





For a pure in-phase input, 


B(2+2+y+ay)—-A(2+a+y)—Dly+1)+C 
B(B + C) — A(A + D) 





ew/éer = $uRi. 











LAE RP (19) 
-For a pure out-of-phase input, 
Bia+y4+ay)—A(a—y)+Dly+1)—C 
€10/ €or $uRt BiB + C) - A(A + D) (20) 
REJECTION RATIO 
200 for a= -é41 
= —— = en0/eor . e11/ 00 
eo for e = +e) 
_— B2+atytay)tA2+et+y+DtI+C (21) 








Bla +y+2y)+Alz—y)-—Dly+ 1I)-—C 


The rejection ratio will become infinite either in the 
perfectly balanced circuit, when « = 8 = y = 6 = 0, or for 
any other combination of parameters which makes the 
denominator of equation (21) zero. 


Effect of Mismatch in Valve Parameters 


Take as an example the typical case of a stage of balanced 
amplification using a low » twin triode, such as the 6SN7GT 
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be corrected by a rather 
greater adjustment, at the 
expense of a somewhat 
increased in-phase output 
from the amplifier. 
Lastly, the same degree 
of unbalance in ampli- 
fication factors can be 
corrected only by a 
very large unbalance in 
cathode feedback resis- 
tors; this however does 
not materially worsen 
the performance of the 
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amplifier. Evidently a 
suitable procedure is to 
employ a potentiometer 
in place of ru and re, 
and to set up pairs of 
valves in the circuit, 
selecting those for which 











or 12AU7, in the circuit shown in Fig. 2. Let the para- 
meters for this circuit be u = 19, ra = 7kQ, Re = 50kQ, 
re = 1kQ, Rt = 100kQ. (Rx will of course be the effective 
anode load resistance, including the following grid leaks). 
Then substitution of these values in equations (16) to (21) 
gives the results shown in Table 1, which shows the un- 
balance required in the cathode feedback resistors (8) to 
compensate for typical degrees of unbalance in amplifica- 
tion factors («), anode resistances (8), and load resistances 
(y). 

It will be seen from Table 1 that a considerable unbalance 
in anode resistances can readily be corrected by a slight 
adjustment of the cathode feedback resistors, without affect- 
ing the performance of the amplifier in other respects. The 
same degree of unbalance in the anode load resistances can 


TABLE 1. Cathode feedback compensation for unbalance in 
other parameters. 


Fig. 4. Test set for balanced amplifiers 
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infinite rejection can be 
obtained within the range 
of adjustment of the 
potentiometer. It has 
been found that at least 
half of a batch of com- 
mercial valves can be 
paired in this fashion. 


Test Set for Balanced Amplifiers 


A difficulty which is frequently encountered in the test- 
ing of balanced amplifiers is the actual measurement of the 
out-of-phase and in-phase components of the amplifier out- 
put. If an oscilloscope or valve-voltmeter with an accurately 
balanced input is available, the out-of-phase component 
can be measured directly between the amplifier output 
terminals, but there is no corresponding direct means of 
measuring the in-phase output. By the use of the circuit 
shown in Fig. 4, it is possible to measure either component 
with reasonable accuracy on an unbalanced oscilloscope or 
valve voltmeter. Each of the two outputs from the amplifier 
being tested is fed to an identical pentode cathode-follower, 
to avoid the effects of loading and of differences in stray 
capacitances in the following circuits. The output of one 
cathode-follower may then either be taken directly or be 
inverted in a unity-gain anode-follower, and added to the 
other cathode-follower output in an anode-follower adder 
with a gain of 0°5 from either input. Thus the output from 
this anode follower represents either (e;—e,)/2 or (e3+e4)/2, 
depending on whether the invertor is or is not in circuit. 
The accuracy of this instrument depends on the precision 
with which the gains of the two anode-followers are 
adjusted, but there is no difficulty. in obtaining a rejection 
ratio of the order of 60dB for the whole instrument. This 
is considerably in excess of that available from the average 
oscilloscope having a balanced input. 
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Magnetic Core Matrices for Logical Functions 


By A. L. Freedman*, M.Sc. 


a 


The general principle of a method for performing logical functions using matrices of magnetic cores 
having a square hysteresis loop is explained. Some applications of this method are discussed. The 
field of its usefulness is outlined and the inherent advantages and limitations pointed out. 


(Voir page 377 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 382) 


— 1952, Rajchman! described a method of carrying out 
logical operations by means of square hysteresis-loop 
core matrices. The binary adder cf Fig. 1 is an example 
of the method proposed. The square loop cores are denoted 
by the narrow rectangles 0 to 7, and the addend, augend 
and carry digits each energize one out of a pair of input 
windings, each winding embracing four cores. If any of 
the input digits is a 1, the left-hand winding of the corre- 
sponding pair is energized; when a digit has the value ‘0’, 
the right-hand winding of the pair is energized. The current 
in any energized input winding is sufficient to cause mag- 
netic saturation in the initial or N sense in the cores 
embraced by the winding. The input currents are combined 
and applied to the winding marked S, which on each core 
has one-third of the number of turns of any single input 
winding. For any combination of input digits current flows 
in three of the input windings, and the ampere-turns 
generated by. the windings S are therefore equal to those 
generated by each input winding. They are, however, in the 
opposite direction, and consequently any core which is not 
embraced by at least one of the energized input windings 
will be switched to the P state. It can be seen from the 
arrangement of the input windings that there is just one 
such core for each of the eight possible combinations of 
input digits. The arrangement so far described constitutes a 
binary to one out-of-eight conversion matrix. It is turned 
into an adder by the provision of two pairs of output wind- 
ings, one pair for the sum digit and the other for the new 
carry digit. The left-hand winding of each pair threads the 
cores which are switched when the sum (or new carry) digit 
is to be a 1, while the right-hand winding of each pair is a 
complementary output which provides an output pulse 
when the sum (or carry) is a ‘0’. The set of input windings 
marked R is used for resetting the cores. Table 1 illustrates 
the operation of the adder for each input combination. 








TABLE 1. 

| CORE | | NEW 

AUGEND | ADDEND CARRY | SWITCHED | SUM CARRY 
amy ete. ei ea elie Bares oes. . 0 
0 0 er I Ee 0 
0 tt SP See ise ee Ey 
0 I Re 4 
I 0 a 1 0 
I 0 ‘ae SES. 0 I 
1 1 ee ee 0 1 
I I Say PES I I 











The principle of this type of logical circuit can be sum- 
marized as follows :— The number of cores required is equal 
to the number of combinations of input conditions. For 
each input combination one of the cores is selected by AND- 
gating and switched. The desired function is then obtained 
by or-gating the appropriate cores; it should be borne in 
mind that given an array of cores any orR-gate can be set 
up simply by threading a wire through the cores concerned. 

As pointed out by-Rajchman in his patent specification 





* Formerly Ericsson Telephones Lid. 
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there is a variety of ways-of obtaining the AND-gating 
action on the inputs. Fractional switching currents can be 
chosen so that oniy the sum of several such currents suffices 
to switch the core. This is probably the least satisfactory 
method from.the point of view of design tolerances and is 
in fact impractical in the case of more than two inputs. In 
another method, current is supplied to an inhibiting winding 
embracing all cores and the driving currents are so chosen 
that only the sum of a given number of them will over- 
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Fig. 1. Binary adder 


come the elfect of the inhibiting current and switch a core. 
This methed affords bigger design margins. The biggest 
margins are obtained by methods of the type shown in 
Fig. 1. In a variant of this arrangement due to Renwick* 
the switching pulse is obtained from a separate source 
instead of by combining the input currents. No precise 
simultaneity of the inputs is then required, it is only neces- 
sary for the switching pulse to be applied while all the 
inputs are present. 

The above method of realizing logical functions with 
core matrices differs radically from the techniques 
employed with relays or valve and diode gates. It may be 
considered as a direct realization of the function table with- 
out any concern for the nature of the logical function. It 
is therefore particularly applicable to functions which are 
defined solely by the function table. One may, for instance, 
have two sets of numbers with the numbers of one set 
corresponding to numbers in the other set in an arbitrary 
fashion. The operation of finding the number in the second 
set from: the corresponding number in the first set is some- 
times called translation, the numbers of the second group 
being referred to as the translations of those in the first. 
Translation of this kind takes place in some automatic 
telephone systems; for example, a subscriber’s directory 
number may be translated into another number which 
indentifies his equipment in the exchange. Fig. 2 shows how 





* The use of matrices for performing logical functions has been independently 
proposed by Mr. W. Renwick at a colloquim at the University Mathematical 
Laboratory, Cambridge, in 1956. 
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such a translator can be set up with magnetic cores, The 
inputs are numbers of up to three decimal digits. The rows 
of both matrices normally carry bias current so that all 
cores are biased into N saturation. The second and third 
digit inputs cause the bias currents of the appropriate rows 
to be removed while the first digit input applies a switching 
current to one of the columns of the 9 x 10 matrix. 
Every core in this matrix carries an output winding which 
threads one column of the 10 x 85 matrix. For each com- 
bination of input digits a single core in the 9 x 10 matrix 
will switch and generate a switching current in one of the 
columns of the bigger matrix, where again only one core 
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Fig. 2. Number translator 


will switch. The output wires, four of which are shown in 
Fig. 2, are threaded according to the following rule: One 
output wire threads all the cores corresponding to numbers 
whose translations contain the same first digit. This is 
repeated fer all the digits of the translations. The maxi- 
mum number of output wires threading a single core is 
equal to the maximum number of digits in a translation. 
Any desired relationship between translation and inputs 
can be obtained by suitably threading the output wires. 
Where a translation exists for an input with less than 3 
digits it is possible to effect an economy in cores by thread- 
ing Output wires through the cores of both matrices. In the 
case shown in Fig. 2 translations exist for one single-digit 
number and 5 two-digit numbers. The single core threaded 
by first digit input ‘seven’ has either to be provided with 
means for restoring to the N state or else it has to be of 
non square-loop material. 

The method adopted for aND-gating the first and second 
digit inputs is to use one of them to remove a constant bias 
and to employ the other to produce a switching current. 
It was developed by Renwick for his ‘ direct access’ mag- 
netic core stores’. This technique is usually applicable 
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when there is a sub-set of inputs such that one and only 
one input out of that sub-set is present at a time, The three 
input digits have been combined by a. two-stage AND-gating 
arrangement rather than an array of three-input AND-gates 
for the following reason: If a three dimensional approxi- 
mately 10 x i0 x 10 array had been adopted each input 
wire would have threaded about 100 cores and when one 
core was switched the other 99 would have been disturbed. 
As an output wire might conceivably have threaded all 
99 disturbed cores the accumulated effect might well have 
exceeded the output due to the switched core. With the 
arrangement actually adopted only 9 cores are disturbed 
at the time of switching. 

The application of switching matrices to perform logical 
operations can be extended in many. ways. The arrange- 
ments described in Rajchman’s patents, like the one shown 
in Fig. 1, all require push-pull inputs. There is, however, a 
general method which makes it possible to switch one core 
in a matrix in response to a combination of inputs in any 
code using single-ended inputs only. Let the inputs be 
denoted by ii, i: . . . in; it is assumed that they cause input 
current pulses on corresponding* wires wi, w2.... Wn. An 
input wire wx threads in the P direction, all cores corre- 
sponding to combinations which contain the inputix,and the 
same wire threads in the N direction, all wires correspond- 
ing to combinations which do not contain the input ix. 
The fields produced by the input windings are all equal and 
each is sufficient to switch a core, 
Inhibiting windings are provided 
which apply to each core a field 


m — 1 times the field produced 
by the input windings, where m 
is the number of input windings 


threading the core in the P direc- 
| tion. This ensures that no core 
will switch unless all the inputs 
| of corresponding combination 
are present. On the other hand, 
a core will not switch if other 
inputs than those of the corre- 
sponding combination are 
present, because the additional 
inputs will apply additional N 
fd : fields to the core. A binary de- 
coder operating on this principle 
for the numbers 0 to 7 is shown 
in Fig. 3. The input and inhibit- 
ing wires thread the cores in the directions indicated 
by the letters N or P at the cross points; where no letter 
appears, the core is not threaded by the wire. The constant 
input is applied at the same time as the digit inputs and 
switches the ‘0’ core when no other input is present. The 
means for resetting the cores and the output windings are 
omitted from this figure. 

The single-ended input decoder suffers from two dis- 
advantages, namely that all the inputs must be precisely 
simultaneous and that the method of AND-gating depends 
on the balancing of the fields in the P and N directions. 
If there are many inputs this entails precise control of 
current magnitude 

The above limitations on single ended decoding matrices 
do not apply when the matrices are used for decoding 
information expressed as signals on k out of m leads. In 
one application of this kind transistors were used as current 
sources supplying the matrix, and the limited average dis- 
sipation of available transistors made it impossible to 
supply constant bias current. Other requirements were that 
neither exact simultaneity of inputs nor precise control of 


r Outputs 
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input current magnitudes should be necessary, and that the 
decoded information should remain stored on the cores 
until erased by a resetting pulse. The ten-core matrix shown 
in Fig. 4 meets these conditions and will decode signals 
appearing as pulses on 2 out of 5 leads, The letters at the 
intersections again indicate the directions in which the 
windings thread the cores. It will be seen that in this case 
also each input wire threads in the N direction all cores 
corresponding to combinations which no not contain that 
input. If current pulses are applied to any two of the inputs 
all cores except the one corresponding to the combination 
of these two inputs will be biased off (i.e. in the N direc- 
tion). If during the period for which both inputs are present 
a pulse is applied to the switching wire, which threads all 
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Fig. 3. Bimary decoder with single-ended inputs 
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Fig. 4. 2 out of 5 decoder with single-ended inputs 
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the cores in the P direction, the one core which has not 
been biased off will switch. It will remain in the P state 
until a pulse is applied to the resetting winding which 
threads all cores in the N direction. Output pulses are 
obtained both when the core is switched and when it is 
reset. lf a single output wire is threaded through each core, 
the original 2 out of 5 signals are decoded into 1 out of 
10 form; alternatively output wires can be threaded 
through the cores for re-encoding into 2 out of 5. If the 
output wires are so threaded that the signals are re-encoded 
not into the input combination but into the next one in 
order, as shown in Fig. 4, the re-encoded signals can be 
used as new inputs to the matrix, which then generates each 
2 out of 5 combination in succession. Such a matrix will 
effectively work as a counter in the 2 out of 5 code. It 
may be noted that in an application like this the cores are 
used both ‘as logical elements and as storage elements. 
The EDSAC II microprogramming matrix’ is a core 
matrix pulse pattern generator, A transistorized version 
of such a generator is being developed by Mr. W. 
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Loughhead*. The principle of operation is illustrated in 
Fig. 5. Taking the initial state to be that in which core A 
is set while all the other cores are reset, a resetting pulse 
applied to a winding threading ali the cores (not shown 
in the figure) resets core a. At the same time the tran- 
sistor switches marked t are made to conduct, while the 
transistor switches marked s remain non-conducting. In 
resetting, core A generates currents in windings 1 and 4 
which set cores | and 4. These currents are in such a direc- 
tion as to drive cores c and D to the ‘1’ state. However, 
the resetting current threading all the cores in the matrix 
prevents these two cores from being set. 


A setting pulse is now- applied to a winding (not shown 
in Fig. 5) threading the set of co-ordinate cores, one for each 
row and one for each column, marked 1 to 4. At the same 
time the transistor switches § are made to conduct. Cores 
1 and 4 are reset, generating currents in windings 11 and 14 
which set core B only. This cycle is repeated for all the 


{f 























Fig. 5. Core-transistor pulse pattern generator 


cores in the matrix. Outputs are taken from the cores 
through output windings not shown in the figure. The 
order in which the matrix cores are switched depends solely 
on the way in which windings | to 4 are threaded so that 
any desired switching order can be obtained, The operation 
of a pulse pattern generator of this type is inherently 
asynchronous and the cores act in turn as AND-gates, storage 
elements, oR-gates and amplifiers. 

The straightforwardness and simplicity of core matrix 
logic is one of the main advantages of the technique. 
Because of this inherent simplicity the circuits can be 
designed with large margins of safety so that they function 
very reliabiy. The limitations of the method stem basically 
from the fact that the technique dces not contain a general 
method for using the outputs from one matrix as inputs 
to the next one; all the inputs are presented simultaneously 
and the answer obtained directly. This, of course, makes 
for rapid working, but the number of cores required may 
in some cases become prohibitive—for example, a 40-bit 
parallel adder would require 2” cores. However, if the 
logical processes to be performed can be arranged so that 
the number of signals which have to be transferred from 
one matrix to another is small, amplifiers can be provided 
for this purpose or one of the methods associated with 





* Ericsson Telephones Ltd, private communication. 
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core shift register logict can be employed. It is important 
to note that if amplifiers are used the output from a matrix 
is available at the same time as the inputs are applied. The 
total delay through a core matrix system with amplifiers is 
comparable to that obtained with diode and amplifier 
logic. When the logical function which has to be realized 
is defined solely by a function table the matrix method is 
certainly superior to any other method, even if a large 
number of cores is necessary. 
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An Automatic Semiconductor Testing and 
Data Recording Machine 


A machine which is largely digital in operation has been 
developed by the Sylvania-Thorn Colour Television Labora- 
tories Ltd, London, for the purpose of minimizing the produc- 
tion-test costs of semiconductor diodes and transistors, while 
at the same time ensuring an extremely high standard of testing 
and grading. 

The basic rate of testing is 10000 tests per hour, i.e. 1000 
devices per hour with up to ten tests per device with a maximum 
resolution of +2 per cent. Measured quantities are recorded 
simultaneously on punched tape and on printed pages for the 
purpose of Quality Control. The tests are applied sequentially 
and provision has been made to compare each measured quan- 
tity with upper and lower limits which can ke prescribed for 
every test. Whether a measured quantity is inside or outside 
limits can be made to determine whether some or all of the 
remaining tests are applied or inhibited. In order to accommo- 
date double testing procedures in which devices are loaded or 
stressed environmentally between original and final inspection, 
provision has been made to facilitate correlation of data 
generated and to identify more easily those devices whose 
characteristics are instable or changing. 

This is achieved on the page printer by interlacing the later 
results with the original and by omitting the later result pro- 
vided that it is the same as the original. In this way attention 
is drawn only to those units which have changed and the magni- 
tude of these changes can be observed by direct subtraction. 

Functionally the machine consists of a central control unit 
to which is added a number of plug in test units. These provide 
the a.c. and d.c. test conditions necessary to apply a particular 
specification. In this way flexibility is preserved and one control 
unit can be made to cover a range of diodes and transistors. 
The ranges of current and voltage envisaged at present are 1uA 
to 10A and 100mV to 1kV. The basic arrangement of the 
machine is shown in Fig. 1. 
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The semiconductor testing machine. The electronic units are on 
the left; on the right is an automatic diode testing jig and behind 
it is the page printer. 


The equipment is fully transistorized and makes use of 
standard telegraph machinery for producing output data. All 
analogue quantities which are generated during the test pro- 
cedure are digitized, firstly into a five bit straight binary code 
for processing by the machine and subsequently into the. Inter- 
national Telegraph Code for output purposes. By converting 
immediately from analogue to digital form, all likely sources 
of error and drift are concentrated in one part of the machine 
and provision has teen made for an automatic self-check to 
occur once per device tested. 
This reduces the incidence of 
undetected errors to a vanish- 
ing small level. In addition other 
self-checking programmes are: 
available for periodic or daily 
checks. 

More facilities have been in- 
corporated in this machine than 
| may be required in general and 

it is possible to operate, for 
example, without the test se- 
quence being determined by the 
results of foregoing tests, or 
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without the double inspection 
facility, If the full facilities will 
never be required a simplified 
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machine can be supplied. 

It is felt that a grading or 
classifying requirement exists 
and this can be satisfied by an 
additional logical unit, pro- 
vided that the number of types 
which can stem from a given 
start is limited to, say, two or 
three in the case of transistors 
and rather more in the case of 
diodes. 
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An Electronic Timer with Voltage Control of Setting 


By R. Gladstone* 


This timer (which is believed to be new in principle) is a development of the creeping cathode- 

follower, or Bootstrap circuit. The difference lies in providing a power drive to the grid, to give 

a constant but easily adjustable rate of change over the fuil operating grid control range of the 

valve. The direction of change may be positive or negative, and the rate of change may be varied 

over very wide limits by either of two independent variable linear circuit parameters, by a third 
parameter capable of step change, and over a limited range by a fourth. 


(Voir page 377 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 382) 


Broncos are many applications where a time interval 
proportional to a voltage needs to be generated. A 
quick reset is often of value, and sometimes the timed 
interval must be independently varied by a second or even 
a third parameter. 


A relatively simple method of doing this is described, 
and the accuracy, linearity and dependability are all of a 
high order, suitable for the majority of industrial control 
purposes. 

The timer consists of a triode cathode-follower using a 
valve of a type having low grid current, the EF36/86 class 
being particularly suitable. The requirement is that with 
the grid floating on a capacitor of capacitance appropriate 
to the timing required, the cathode voltage drift is not 
significant. There is with many valves little difficulty in 
keeping timing errors due to this cause to less than 1 per 
cent. This error can readily be made negligible. 


The timer output, taken from the cathode, will normally 
be used to trigger a control circuit, when it reaches a 
definite positive or negative going value. In a common 
application, a critical positive voliage would operate a flip- 
flop circuit energizing a relay, and this is shown in Fig. 1. 


The timing drive is continuously maintained, and the 
cathode voltage will continue to rise until grid current sets 
in, and finally balances the timing power input. The 
trigger point must be set at a value substantially below this 
level so that there will be no loss of linearity at the end 
of the run, with fair allowance for drift in the valve 
characteristics. 


Timing power is conveniently drawn from the mains 
transformer of the power pack. As a safety precaution, 
a series capacitor of about 0°0luF is inserted in the line, 
with a leak, say 1MQ across it. This a.c. supply is then- 
brought to a small variable capacitor, conveniently in the 
range SOpF to 1 OOOpF. 


The other side of the variable capacitor is taken to anode 
and cathode of each of two gas filled diodes. The cathode 
of the first is taken to the grid, and the anode of the 
second to the cathode of the cathode-follower. This sense 
assumes that the breakdown voltage of the tubes is higher 
when the electrodes are reversed, and that the timing run 
of the cathode-follower will go positive. A negative going 
run is obtained by reversing the grid-cathode connexions 
to the cathode-follower. 


It is further important that any difference in striking 
voltage between the two tubes is not greater than the differ- 
ence between forward and reverse connexions of the indivi- 
dual tubes. Selected neon tubes of any kind may be used, 





Wiggins Teape & Co. Ltd. 
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but the employment of a pair of suitable reference tubes 
avoids the necessity for selection. The current loading is 
a small fraction of a microampere so that current handling 
capacity is of no importance, and life is indefinitely 
long. The type 85A2 is very suitable. 

Consider, now, the action of the circuit as shown in 
Fig. |. Let the a.c. drive have a peak voltage V,. Let 
the capacitance of the variable capacitor be set at C:, while 
































Fig. 1. The timer circuit 


the main cathode-follower float capacitor has a capacitance 
C2. Let the voltage V on C, be set at a value V. by 
momentarily connecting it to a source at this voltage. V. 
is assumed to be somewhere below the final triggering volt- 
age at the output and of course well below the point of 
grid current. It should not be below the negative supply 
level. V. is of course the primary variable input para- 
meter of the circuit, and may well be derived from a pre- 
ceding circuit. 


For convenience, the voltage on the tube side of Ci 
relative to earth will be considered, and this will be re- 
ferred to as ‘the voltage on Ci’. V: and V2 are the gas- 
filled tubes, with breakdown voltages Vr. It is found that 
at the low currents involved, tubes do not generally main- 
tain at any voltage below the striking level, even on d.c. 


V: feeds C2, and V2 goes to cathode. With grid voltage 
V, the cathode voltage will be V + fV, usually some 1 to 
i0V higher than V. fV can be kept low by. using a high 
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mutual conductance possibly at the cost ol a reduced grid 
base. 


Now on the first negative going cycle of the supply, the 
anode of Vi, and cathode of V> are carried negative. The 
anode of V2 is fV volts more positive than the cathode of 
V:. Moreover the critical voltage of V» in this direction 
is less than that of V;. When this critical voltage is 
reached, V2 will strike, and this will ensure that V; cannot 
strike with further increasing voltage to Ci. 


C, will therefore reach an absolute value of V + fV, less 
Vr, the critical voltage of V2, and when peak Vy is passed, 
and the supply voltage begins to rise, V2 will extinguish: 
Consider the rise of supply voltage from its negative 
peak Vj». 


When C; rises to a value V + Vy tube V2 will fire. Its 
critical voltage in this direction is lower than that of Vo», 
and the acting cathode of V2 is in addition somewhat posi- 
tive compared with that of Vj. 


At negative peak, C; stands at a voltage V + fV — Vv. 


It has been seen that V; will fire when C; reaches V + Vr. 
This will occur when the supply voltage has moved from 
the negative peak V, by a voltage 2V, + fV. For the 
purpose of simplifying this examination, fV which will be 
small in comparison with 2V 7 will be temporarily neglected. 


V, will accordingly fire, and the supply voltage will con- 
tinue io rise to a value + V,. 


The voltage on C, will however be held very nearly to 
V + Vy because C2 will be many times larger than Ci. 
However, once V; has fired, current will flow from C2 into 
Ci, thus raising the voltage on C»2 very slightly. 

After V; has fired (when the supply voltage reaches 
— Vy + 2Vr) the supply voltage will continue rising to 
+ V,. The rise after V: has fired will therefore be 2 V, 
— 2Vr. 

This rise of voltage will effectively divide itself between 
C; and C2 in the inverse ratio of their capacitances. C2 
will accordingly rise by Ci/C2 x (2V, — 2V7r). And this 
rise will take place at each cycle of the supply. A fair 
approximation for design purposes (using 50c/s) that 
will give the rate of rise (or fall) in volts/second, is given by 

100 Ci x (Vp — Vr) 
C: 

The factor fV was neglected in this calculation, and in 
fact the voltage rise per step will be related to 2Vr + fV 
and not 2V;7. With the creeping cathode-follower the rate 
of rise varies directly. with f{V, and over fairly wide ranges 
the rate may vary by a factor of 2 to 4. If Vr is made 
about 150, the variation in timing rate will be of the order 
of one per cent during the run. For most normal applica- 
tions low voltage tubes are satisfactory, and have the 
advantage of minimizing the effect of changes in the driving 
supply. 

Taking a typical case, with C; set at 100 pF, C2 at IuF, 
V, at 350 and Vz at 105, the 50 c/s rate of rise would be 
2:-45V/sec. Assuming that the useful cathode-follower 
tange is 100V, the maximum delay time will be about 
4lsec, and will vary linearly with the depression of the 
starting voltage applied to C:, By adjustment of C; be- 
tween 50pF and 500pF, the maximum delay can in practice 
be altered from 100sec to 8sec. By altering C2, this 
timing can be multiplied or divided almost indefinitely. 
Timing less than 2sec involves increasing random error 
due to start and stop of the 50c/s steps. A final and some- 
times useful means of varying the rise rate in a linear 
manner is to make the cathode-follower load a potentio- 
meter, and to return C: to the slider (as shown in Fig. 1) 
instead of to the negative supply. The timing rate will 
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increase linearly with the potentiometer setting towards the 
cathode. 

The calculation appears to agree very well with practical 
trials using values of C; down to about 150pF, but with 
lower values the actual rate of change falls more greatly 
than the calculation indicates, and at 20pF the time of run 
was several times that calculated (Fig. 2 shows a compari- 
son of calculated and actual times obtained). Since the 
value of C; will normally be pre-set to suit a practical 
requirement this divergence is of little importance, but it is 
probably wise to avoid designing for much less than SOpF. 
The $5A2 tubes failed to burn with C; set below a value 
of 15pF. 


For very long timing runs, the a.c. drive voltage may be 
reduced, but voltage variation will have an increasing effect. 
The supply may be fed from a potentiometer, to provide 
yet another control input point, but this method will not 
be linear with potentiometer setting. Temperature effect 
was checked using a pair of 85A2 tubes, and at 60°C it 
was still too small to decide whether the time was increas- 
ing or decreasing. 
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Fig. 2. Actual and calculated values of running time against 


drive capacitance 


Jt will be observed that Fig. 1 includes a flip-flop circuit 
which is very suitable for triggering from this form of 
timer. There is an overlap of two or three volts at the 
input grid, and unless the applied timing voltage is sufficient 
to overcome this, the relay. will not pull in. However, time 
ratios in excess of 20:1 are safely possible. To obtain 
linearity of timing against input voltage it is of course 
necessary to arrange that zero timing voltage at the timer 
input will just cause the flip-flop to fall back. In the figure, 
the setting is readily found by putting RV; at full positive, 
holding the charging contacts closed, and decreasing RV; 
slowly until the relay just drops out. 


RV; represents the introduction of a second linear varia- 
ble. Where this is not required, C2 is taken direct to earth. 
Where very large timing ranges are required, the value of 
C: may be changed by switching. The necessity for good 
insulation in the floating grid circuit must not be over- 
looked, and it is advisable to use ceramic base switches and 
valveholders: Relay or other contacts involved should 
have Bakelite insulation strips replaced by Perspex. The 
greater the value of C2 that is used, the less becomes the 
importance of leakage. 
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LETTERS TO 


THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Sampling Generator 


Dear Sir,—With reference to Mr. A. 
Fischmann-Arbel’s article in your Decem- 
ber 1958 issue, it seems that an encoder 
for delta modulation may be constructed 
with the described sampling comparator 
in a much simpler way than illustrated 
in the block diagram of Fig. 3, on page 
685, with less components and no delay 
lines. This alternative way is in line with 
the block-diagrams in de Jager’s original 
article’. 

This arrangement (Fig. A) uses only the 


ihe 


out two errors in Fig. 4 of the original 
article: The value of the cathode bias 
resistor for V2 is 47k2 and not 47k, 
and V», should be a 12AT7, instead of a 
12AU7. 
Yours faithfully, 
A. FISCHMANN-ARBEL, 
Ministry of Defence, 
Hakirya, 
Tel Aviv. 
REFERENCE 


1, Mass, J. An incremental remote position control 
system, National Telemetring Conference, 
Chicago. 1955. 
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Fig. A. Simple arrangement for sampling comparator 


positive going output of the differential 

amplifier, which, through a_ threshold, 

triggers a monostable multivibrator. As 

long as pulses appear at its output the 

voltage at the integrator output rises. 

When no pulses appear at the multi- 

vibrator the integrator output voltage is 

made to decrease at the same rate. If a 

d.c. voltage is applied at the signal input 

the multivibrator will fire and remain 

quiet on alternate clock-pulses, provided 

one puise is sufficient to increase the inte- 

grator output voltage by more than re- 

quired to pass the threshold at the multi- 

vibrator input, at the time of the next- 
pulse. 

Yours faithfully, 
JONATHAN Mass, 

Ministry of Defence, 

Hakirya, 

Tel Aviv. 

REFERENCE 


1. DE Jacer, F. Delta Modulation. Philips Res. 
Reps. 7, 442 (1952). 


The Author Replies : 


DeaR SiR,—The sampling comparator 
was originally developed for use in the 
binary quantizer, and in the incremental 
delta modulation’ encoder described in 
the original article. The incremental code 
has certain advantages over the conven- 
tional delta code for signals whose power 
is concentrated in the lower half of the 
signal bandwidth, and requires the com- 
plete encoder, 

Only later was the circuit adapted for 
use as an encoder for conventional delta 
modulation, to which Mr. Mass’s sug- 
gestion applies. 

May I use this opportunity to point 
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Sampling Oscilloscope with 
‘Frozen Feedback ’ 

DeaR SirR,—With reference to Mr. 
Reeves’ informative articles on strobo- 
graphy in March and April issues of 
ELECTRONIC ENGINEERING, we have been 
using a feedback sampling oscilloscope 
which has a feedback system differing 
from that of Mr. Reeves’ Class 2. This 
system largely avoids servo instability at 
low sampling rates and possesses one 
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Fig. 1. Feedback system 


further advantage. Fig. 1 shows the logic 
of the voltage measuring servo system but 
omits all the remaining circuits for timing 
etc. which are required in the complete 
instrument. 

X is the signal voltage being measured. 
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Y is the servoed reference voltage which 
is also the output. The sequence of events 
is: 

(1) On receipt of a strobe pulse the 
sampling comparator produces an error 
signal a(X — Y) where a depends on the 
properties of the comparator. 

(2) This a(X — Y) signal is stretched 
for a convenient time (say 100usec) which 
is less than the interval between samp- 
lings and the stretched signal is applied 
to the input of the integrator via the gate. 

(3) As this signal arrives the output 
potential of the integrator changes from 
Y to Y + ab(X — Y) where b depends 
upon the length of the stretched a(X — Y) 
pulse and upon the constants of the inte- 
grator. 

(4) This voltage Y + ab(X — Y) is the 
reference voltage for the next sampling 
and remains ‘frozen’ until that sampling 
occurs. 

Simple analysis shows that if ab lies 
between 0 and 2 the system is stable and, 
further, that if ab = 1, the system con- 
verges completely in one sampling. The 
Y voltage after adjustment by the feed- 
back system is thus equal to the X volt- 
age at the instant of sampling. The func- 
tion of the integrator is to allow one to 
apply to the Y voltage an increment pro- 
portional to the a(X — Y) voltage or 
error signal whatever the Y voltage may 
already be. 

This description would suggest that the 
Y voltage can be made to follow the X 
voltage exactly. This is not quite true, 
for any real electronic integrator (known 
to me) is imperfect; that is, the resting 
potential of its input is slightly influenced 
by the potential of its output, Because 
this is so, the condition of balance will 
not be exactly X — Y = 0 for all values 
of X. This variation can be made very 
small by making the gain of the inte- 
grator, considered as a d.c. amplifier, very 
large. 

If the integrator output voltage is to 
remain frozen between the receipt of 
stretched a(X — Y) pulses the integrator 
must receive no input current during these 
intervals. Because the integrator input 
potential varies this can only be ensured 
by completely isolating its input between 
stretched a(X — Y) pulses. This is done 
with a special sort of gate which is effec- 
tively an electronic switch in series with 
the input. 

Because the feedback system (and with 
it the output voltage) is frozen between 
samplings, the behaviour of the machine 
is independent of the sampling rate. Servo 
instability can only occur if the sampling 
rate is so low that the integrator drifts 
between samplings. 

A further advantage is conferred by the 
feature of convergence in one step. Even 
if the variation in input voltage between 
samplings is large the output of the 
machine will reproduce it, subject to the 
limitation that, as far as the height of 
the step is concerned, the system is 
‘unfedback ’ (i.e, Reeves’ Class 1). For 
reproduction to be perfect the sampling 
comparator would have to be pre- 
cisely linear. Since it will not be, this sets 
a practical limit on the height of step 
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between samplings which will be honestly 
portrayed. 

Normally one uses enough samples to 
avoid large steps, however if the pulses 
being examined are not quite identical 
(see Sugarman! for the use of an unfed- 
back sampling ‘scope under these con- 
ditions’) steps will occur whatever the 
sampling rate. 

Yours faithfully, 
C. W. McCuTcHeEN, 
Cavendish Laboratory, 
Cambridge. 
REFERENCE 
1. SUGARMAN, R. Sampling Oscilloscope for 


Statistically Varying Pulses. Rev. Sci. Instrum. 28, 
933 (1957). 


Proportional Control Using a Phase- 
Shift Thyratron Operated from a D.C. 
Signal 
Dear Sir,—The phase-shift thyratron 
is an excellent device for proportional 
control. However, when it is operated 
from an a.c. signal, this signal has to be 
of the same frequency as the power 
supply. Moreover, the bridge must be 
near the equilibrium point before control 
is taken over by the instrument!. These 
difficulties are avoided by using a phase 
shifting circuit controlled from a d.c. 
signal. This d.c. signal may be the ampli- 
fied output of an a.c. bridge, and rectified 
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Fig. 1. Proportional control using a phase-shift 
thyratron operated from a d.c. signal 


through a phase sensitive rectifier. The 
frequency of the bridge supply is, then, 
independent of the power supply. 

The phase-shift is obtained by means 
of a reactance-valve-circuit. Its principle 
is a classic one and is widely used as a 
modulator in frequency-modulation. It 
has not been used, so far, at so low a 
frequency as that of power lines. 

Referring to Fig. 1, V, is the thyratron 
Its grid voltage (with respect to the 
cathode) is the voltage across C;. The 
values of R; and C, are such that the 
reactance of C, at 50c/s is very high com- 
pared to R;. Hence, the voltage across 
C, is in phase with the supply voltage to 
R,C,, which is chosen to be out of phase 
with the thyratron’s anode voltage. 

The reactance of C, at 50c/s is very 
high compared to R, so that the voltage 
across R, leads by almost 90° the voltage 
across C,Rz (i.e., the thyratron’s grid volt- 
age). The anode current of V2 is in phase 
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with the voltage across Ro, i.e., it also 
leads by 90° the voltage across C}. 

The a.c, component of V, anode current 
flows in parallel with capacitor C, (the 
parallel connexion is through the coupling 
capacitor C;); and as it leads the voltage 
across C;, it has the same effect as would 
an added capacitor across C,; and which 
would pass the same amount of current. 
The greater the mutual conductance of 
V,, the greater the magnitude of its anode 
a.c. component and, hence, the greater the 
magnitude of the equivalent added capa- 
citance. When, by varying the mutual con- 
ductance of Vj, the effective capacitance 
across C, can be varied and, hence, the 
phase of the grid voltage of the thyratron. 
The mutual conductance of Vs, is con- 
trolled through the d.c. potential applied 
to its screen grid. R; provides self grid 
bias while C; and C,; are low impedance 
paths at 50c/s to avoid degeneration. C, 
and L form a 50c/s tuned circuit for 
maximum gain at 50c/s while eliminat- 
ing stray r.f, signals. 

Maximum phase shift obtainable is a 
4 of a cycle. A change of potential at the 
screen grid of V; from 50V d.c. to 150V 
d.c. proves sufficient (the effective capa- 
citance across C, is increased about a 
hundredfold) and the thyratron’s state 
shifts from no conduction at all to con- 
duction 25 per cent of the time. 

A change in the characteristics of V2 
due, for example, to ageing, does not 
affect the performance of the regulator. 
The valve can be replaced even by other 
types with the same pin connexions (such 
as 6K6 or 6L6) without notable change 
of performance. This is explained by the 
fact that the whole instrument is a servo- 
loop where the gain from the error signal 
to the compensating power is very high. 

This circuit was used for temperature 
regulation of a liquid metal bath with a 
platinum resistance thermometer. Because 
we had to use equipment existing already, 
we employed a d.c. bridge, a sensitive 
galvanometer 2nd a photocell whose d.c. 
signal was amplified through one valve 
only. Without much elaboration, the 
regulation was better than 0:1°C with 
power supply variations of 10 per cent. 
The bath was used five to six continuous 
hours per day for periods of several days 
each, at temperatures ranging from 250 
to 350°C. The controller needed no 
adjustment from day to day. 

Yours faithfully, 
J. LEIBovitz, 
Israel Institute of Technology, Haifa. 
REFERENCE 
1, STURTEVANT. Rev. Sci. Instrum. 9, 278 (1938). 


Free Running Transistor Blocking 
Oscillators 


Dear Sir,—lIn the design of free run- 
ning transistor blocking oscillators. 
the main object is to provide a pulse of 
known width at a known and preferably 
variable repetition frequency. A resist- 
ance-capacitance network, RC, in the 
emitter circuit (Fig. 1) provides control 
of both pulse width and repetition fre- 
quency simultaneously, but in an almost 
unpredictable manner, the indeterminate 
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Fig. 1. Basic circuit 


factor being the voltage developed across 
the capacitor during the charge and dis- 
charge cycles. 

The use of a Miller capacitance C, in 
a second transistor X, (Fig. 2) enables an 
effective capacitance to be inserted in the 
circuit, but the change in voltage at the 
point of connexion is now very small. 
The blocking oscillator may therefore be 
designed to provide a pulse of known 
constant width, irrespective of the repeti- 
tion frequency. 

The circuit shown in Fig. 2 provided 
a pulse of Iysec at a repetition frequency 
which was variable from 300kc/s (V = 














Fig. 2. Improved circuit and waveforms 


12V) to 60kc/s (V = 2V). The circuit 
would oscillate at frequencies lower than 
this, but the low bias current applied was 
not sufficient to cause the point of re- 
generation to be stable, and some jitter 
was then apparent. The repetition fre- 
quency may. also be affected by ambient 
temperature variations if the applied bias. 
current is not large compared with the 
collector-base cut-off current (Jo) of X2. 

To avoid lengthening of the output 
pulse due to hole storage delay, the block- 
ing oscillator transistor is clamped out of 
bottoming by means of a primary over- 
wind and a diode. 

The capacitor C, is included to permit 
fast regeneration, but its time-constant 
with R; is made short compared with the 
width of the pulse. 

Yours faithfully, 
W. L. STEPHENSON, 
Mullard Research Laboratories. 
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BOOK REVIEWS 


The Solid State for Engineers 


By Maurice J. Sinnott. 522 pp. 80 Medium 
See. John Wiley Inc., New York. C .pman and 
Hall, Ltd., London. 1958, Price 100s. 


liens aim of this book is to acquaint 
engineers and engineering students 
with the principles of solid state physics. 
In this the book succeeds very well in- 
deed, by giving briefly, but very clearly 
a description of the basic principles 
which underlie the behaviour of solids. 
The text is everywhere precise and 
accurate without going into too great and 
too complicated details, and would form 
an admirable basis of a course on the 
solid state for engineers. 

The text is mainly descriptive, avoid- 
ing complex mathematical treatment and 
there are a number of helpful illustrative 
problems. The working out of these prob- 
lems is indicated and they add greatly to 
the clarity of the description. They serve 
as excellent examples for the solving of 
any simple solid state problems which 
may arise in the work of the engineer. 
As pointed out in the introduction, in 
many cases some simple, but careful 
thought on how to use the book will 
replace tedious searching of handbooks 
and extensive reading of specialized 
literature. 

The organization of the subject matter 
is logical and helpful. The first three 
chapters are concerned with the structure 
of matter and methods of examination 
and study of structure. 

It is very refreshing to see the two 
chapters which follow describing phase 
equilibria and rate processes in solids. 
These items are missing in many books 
on the solid state, but their importance 
in metallurgy and solid state chemistry 
can hardly te over emphasized. The part 
dealing with ternary systems is perhaps 
a little too short. 

The following four chapters describe 
the different kinds of solids, metallic, 
ionic, covalent and molecular dealing 
with binding forces, structures and bond- 
ing theories. 

The first half of the book concludes 
with chapters on deformation, disloca- 
tions and problems of strength, crystal- 
lization and grain boundaries in poly- 
crystalline substances, These matters are, 
of course, of enormous importance to 
the engineer. 

The second half of the book is devoted 
to the physical properties of solids, e.g. 
mechanical, electrical, magnetic, optical 
and some surface properties. Here again 
the current, sometimes complex theories, 
are presented in great clarity with em- 
phasis on the physical processes, thus 
enabling the reader to obtain understand- 
ing rather than volume of knowledge. 
This understanding is again and again 
applied in the solution of illustrative 
problems. 
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Each chapter has a list of references 
of well chosen modern text books for 
further study. 

The only unfortunate omission is any 
mention ofthemethod of radiofrequency 
and microwave spectroscopy, which has 
become such an important subject both 
for the study of solids as well as in 
its application in ferromagnetic non- 
reciprocal devices and solid state mole- 
cular amplifiers. It is to be hoped that 
this omission will be rectified in the next 
edition. 

The book is very clearly printed and 
the diagrams are well drawn and ade- 
quately explained. 

K. HOSELITZ 


gy and Practice of Radar 


By H. Penrose and R. S. H. Boulding. 803 
pp. ror ‘figs. Demy 8vo. 6th Edition. Dien 
Newnes Ltd. 1959. Price 50s. 


N this edition, details have been in- 

cluded of True Motion Radar Displays 
for marine installations, the cosecant 
squared aerial, and the use of circular 
polarization as a means of minimizing 
the effect of rain interference on airfield 
radar displays. The extensive section— 
of more than 280 pages—dealing with 
actual equipments manufactured by 
British Thomson-Houston, Cossor, Decca, 
Kelvin-Hughes, Marconi and Sperry, has 
been further extended to cover the latest 
surveillance radar equipment, etc. De- 
velopment is rapid in the field of radar, 
and the exacting requirements which a 
modern installation is called upon to 
meet are reflected in the use of higher 
and higher frequencies. In order that 
this revised edition shall be as up to date 
as possible, microwaves and the par- 
ticular problems met with at these wave- 
lengths are fully considered. Some of the 
latest developments, such as lenses and 
slot aerials, have also been included. 


Industrial Electronics Handbook 


Edited by W. Schottky. 384 pp. 96 figs. Medium 
8yo. Friedrich Vieweg & Sohn, Braunschweig. 
1958. Price DM46.80 

HE nine sections of this handbook 

cover basic engineering and mathe- 
matics, physical laws, control elements, 
power supplies, control circuits, circuit 
applications, mechanical design, ultimate 
utilization requirements, and technical 
information sources. It includes the work 
of experienced specialists from more 
than a dozen companies and research 
centres. 

Each section is complete unto itself. 
Graphical and tabular presentations are 
freely used, and additional references on 
each topic are listed. 

Among specific subjects covered are 
computers, instrumentation, regulators, 
relays, transducers, amplifiers, and mili- 
tary and industrial utilizations. 
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The Story of the Ionosphere 
By J. A. Harrison 103 pp. 123 figs. ag 8vo. 
Hulton Educational Pubs. Ltd. 1958. Price 10s. 6d. 

HIS is a ‘popular’ book written, 

apparently, for schoolboys in the 12 
to 16 age group, although nowhere in the 
text or on the dust-cover is this intention 
made clear and it would undoubtedly 
have been less misleading if the jacket 
bore a clear label ‘A book for boys’. 
The book is of no value to the adult 
engineer. 

The title of the book is misleading; 
it wouwld have been more appropriately 
called ‘A popular story of radio’ since it 
starts with Clerk Maxwell who “predicted 
the nature of wireless waves”, and passes 
via the stages of Hertz, Marconi, Flem- 
ing and early broadcasting to ‘ Radar 
in War and Peace’ and to ‘Radio 
Astronomy’, all in exactly 100 pages. 
Matter relating to the upper atmosphere 
scarcely fills a dozen pages. 

There may well be a need among 
schoolboys for books of this nature but 
for heaven’s sake let them te accurate 
and there can be no excuse for the pro- 
lixity of errors and loose or misleading 
statements with which parts of this book 
abound. Maxwell did NOT “predict the 
nature of wireless waves”, Hertz did NOT 
find that the frequency of his oscillators 
was “Largely determined by the dimen- 
sions of the metal plate connected to 
the spark-gap”, the apparatus Hertz used 
bore NO resemblance to that depicted as 
a replica in Fig. 12, the first electric tele- 
graph in America was NOT opened in 
1854, the coherer was NOT discovered 
by Sir Oliver Lodge and the planet Plato 
(sic) is NOT a mere “30 light-minutes” 
from the Sun. These are but a few of the 
loosely phrased inaccuracies in the text 
of this book the author of which would 
do well on future occasions to have his 
manuscripts more critically vetted before 
it reaches the irrevocable stage of the 
printing press. 

G. R. M. GARRATT 


The Theory and Design of Magnetic 
a, 

By E. H. Frost-Smith. 487 p; 0 figs. Demy 

 & Chapman & Hall La.” M958. Price 75s. 

HERE are not so many tooks on this 

subject and this one is certainly among 
the best. It descrites both theory and 
practice in thorough detail. There is, 
however, a greater wealth of detail about 
small output amplifiers than about large 
amplifiers. 

The various types of magnetic ampli- 
fier are dealt with in much the same order 
as they originally appeared. The early 
transductor, with its complexity of in- 
trinsic current feedback, is followed by 
the even more complicated self-excited 
transductor. The relatively simple auto- 
excited transductor, and the flux-reset 
type of high speed amplifier, are not 
considered until later. It is the usual 
sequence, but it seems that there might 
be a simpler approach. 

The behaviour of magnetic amplifiers 
has many facets, some of which are not 
too easily understood. The author’s 
thorough treatment of these matters 
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should leave no doubts. The discussions 
show real appreciation of practical prob- 
lems. However, the use of ‘ firing time’, 
and likewise ‘firing angle’, to describe 
the instant of core saturation appears in- 
appropriate. Surely ‘ saturation time’ and 
‘saturation angle’ would be more correct. 

It is rather surprising to find a state- 
ment of ‘power amplification’ for the 
voltage controlled flux-reset type of high 
speed amplifier, in which power is dissi- 
pated in the control element. Neverthe- 
less, upon examination the statement 
serves to show that the essential presence 
of a magnetic core imposes performance 
limitations on both high and low speed 
amplifiers alike, although noticed in dif- 
ferent ways. In general, the treatment of 
high speed amplifiers is inclined to be 
brief but otherwise of much the same 
high standard as the rest of the book. 

It is pleasing to find a little more than 
usual concerning low power level ampli- 
fiers. So often this important group of 
amplifiers receive scant attention in works 
of this nature. 

The chapter on design fills only a small 
part of the book. However, it should not 
cause disappointment since design calcu- 
lations are relatively simple compared 
with the complications of magnetic ampli- 
fier theory and behaviour. Let it be added 
that successful design requires a thorough 
understanding of such details. 

The book will doubtless be welcomed, 
not only in its own right, but as the first 
of a series on subjects concerning Auto- 
mation and Control Engineering. 

R. D. Pettit 


BBC Handbook 1959 


282 pp. Demy 8vo. The British Broadcasting 
Corporation. 1959. Price Ss. 


EF iparene handbook gives details of the 
sizes of the audiences that are served 
both by sound radio ard television. Some 
144 million adults are estimated to watch 
BBC television each day, while an 
average of 22 million listen to BBC 
sound radio at least once a day. The 
overall cost per hour of the services 
ranges from £176 for overseas pro- 
grammes to £589 for home radio pro- 
grammes. Television costs six times as 
much as radio, averaging £3,468 per 
hour. The BBC’s belief that television 
viewers are entitled to expect a range 
and choice of programmes comparable 
to that which has been developed in 
sound broadcasting is reiterated in the 
handbook. The BBC has long maintained 
that this could only be achieved by the 
provision of two centrally-planned ser- 
vices giving a choice of alternative pro- 
grammes, and for this reason the Cor- 
poration has sought the allocation of the 
necessary frequencies and the other 
resources required to start a second BBC 
television service at the appropriate 
time. 

The handbook lists many of the 
achievements of the Engineering Divi- 
sion of the BBC, and describes con- 
tinuing experiments in colour television 
and experimental high power television 
transmissions in Band V, and in stereo- 
phonic sound. 
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Preparation of Single Crystals 


By W. D. Lawson and S. Niclsen. 255 pp. 133 
figs. Demy 8vo0. Butterworths Scientific Publi- 
cations. 1958. Price 45s. 


7 bo6k is essentially concerned with 
the practice of growing purer and 
more perfect single crystals of semi- 
conducting compounds. The authors have 
themselves been actively engaged in this 
work for several years, and their aim 
has been to bring together in one book 
the available information on techniques 
for growing crystals and for the purifi- 
cation and preparation of materials, with 
an essentially non-mathematical appre- 
ciation of the mechanism of crystal 
growth and of the origin of imperfec- 
tions in crystals. 


FBI Register of British 
Manufacturers 1959 

1450 pp. Medium 8vo. 3ist Edition. Kelly’s 
Directories Lid and Hliffe & Sons Ltd for the 
Federation of British Industries. 1959. Price 42s. 
b hcey comprehensive guide to a sub- 

stantial cross-section of British in- 
dustry, contains lists of the products and 
services of over 7500 member firms 
under more than 5400 alphabetical 
headings. In addition to the Classified 
Buyers’ Guide there are seven other 
sections in the Register, giving addresses 
of companies and firms, and valuable 
information about Trade Associations, 
proprietary names, trade marks, etc. A 
feature providing a useful reference for 
buyers not fully conversant with British 
product terms, is the French, German 
and Spanish glossaries. These give trans- 
lations of every product term used in 
the main buyers’ guide, each being num- 
bered for easy reference between the 
English headings and their translations. 

The Register contains an introduction 
by the President of the Federation of 
British Industries, Sir Hugh Beaver, 
K.B.E. 


Halbleiterprobleme—Volume IV 
(Semiconductor Problems) 


Edited by W. Schottky. 384 96 figs. 
Medium 8vo. Friedrich Vieweg & Sohn, Braun- 
schweig. 1958. Price DM46.80. 


SYMPOSIUM on_ semiconductor 

problems was held for the fourth 
year running under the auspices of the 
semiconductor committee of the associa- 
tion of German physical societies. The 
contributions to the symposium held at 
Heidelberg in. 1957 are published in the 
present volume, the fourth of a series. 
The editor gives in a foreword brief 
summaries of the contributions to which 
is added his own article on “The ques- 
tion of the rational denotation of lattice 
defects” (ES) and a paper by M. Schén 
on “The kinetics of photoconducting and 
phosphorescence in crystals” (ES). The 
other five contributions are by H. Haken 
on “The present state of exciton research 
in semiconductors” (ES), by P. Haasen 
and A. Seeger on “Plastic deformations 
of semiconductors and their effect on the 
electrical properties”, by H. D. Koswig 
and O. Stasiw on “The spectral location 
of the absorption bands of lattice defect 
electrons in ionic lattices” (ES), by H. 
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Lautz on “The technical utilization of 
the thermoelectric power of near-metals 
and semiconductors” (ES) and by J. 
Dosse on “The state of development and 
application of transistors” (ES). The con- 
tributions designated by (ES) have a brief 
English summary at their end. 

A large number of references to litera- 
ture is given in the footnotes to each 
contribution. An account on the discus- 
sions following all the contributions to 
the symposium is also given. A special 
feature of this volume is a systematic 
index of the grouping of the themes in 
the field of semiconductors with refer- 
ences to the papers which have appeared 
in the four volumes published till now. 
This index indicates which problems of 
the original programme have already 
been dealt with and which still await 
special treatment. But, of course, further 
research on the first named group is by 
no means excluded in a field which has 
made such rapid progress within the last 
decade. 

It is regrettable that Professor Schottky 
indicates his intention of giving up his 
fruitful organizing and editorial activity 
in the semiconductor committee and it 
can only be hoped that his successor will 
prove to be as active and successful in 
the volumes to follow. 

The present volume is well produced 
and should be of great value to all those 
interested in the science and practice of 
semiconductors. 


R. NEUMANN 
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ELECTRONIC EQUIPMENT - 





A description, compiled from information supplied by the manufacturers, of new components, 


accessories and test instruments. 


(Voir page 373 pour la traduction en francais: Deutsche Ubersetzung Seite 378) 


HOLLOW SPINDLE 
POTENTIOMETER 


(illustrated below) 
The Plessey Co. Ltd, Ilford, Essex 

A new design approach to spindle con- 
trolled variable components by The 
Plessey Company has resulted in the pro- 
duction of a triangular spindle potentio- 
meter in which the spindle is formed from 
flat brass strip. 

The design of the spindle is such that 
the need for machining special flats and 
knob fixings etc., has been obviated, all 
locations and fixings being achieved by 
bending or forming the hollow brass 
spindle to accommodate a polystyrene 
ring which, in turn, holds the brush gear. 
The limit stop and switch operating lug 
are also incorporated in the polystyrene 
ring. 





Another advantage of the new method 
of construction relates to the control 
knob. This merely needs a triangular 
plain hole slightly smaller than the 
spindle size to give positive location in 
three alternative positions, Conventional 
methods can, of course, be used. Further- 
more, inherent flexibility in the spindle 
prevents straining of the control. 

The bush and back plate are a one- 
piece zinc-based die casting, which gives 
great rigidity and accuracy oft location. 
Insulation resistance in the potentiometer 
is extremely good by virtue of the use of 
polystyrene. 

EE 10 751 for further details 


VERY LOW FREQUENCY 
GENERATOR 


(Illustrated right) 


Servo Consultants Ltd, 17 Woodfield Road, 
London, W.9. 


This new generator has been designed 
to provide a precision test instrument for 
use in development and testing of con- 
trol systems and automatic machines. It 
combines simplicity of construction and 
robustness with good stability of wave- 
form and amplitude and frequency cali- 
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bration. It is completely free from 
transients at frequency changes, starting 
and stopping. 

The main part of the generator con- 
siste of a resolver rotating with carefully 
stabilized angular speed m. Such a 
resolver can be considered as a variable 
ratio transformer, where the turns ratio 
is proportional to the sine of the angle 
between the stationary winding and the 
resolving rotor at any instant, i.¢., to @mf. 
The stator is supplied with a constant 
amplitude carrier signal of frequency: 
®, = 27 2 400rad/sec, which can be repre- 
sented as: 

A Sin Wet. 

The output from the rotor will be 
preportional to the supply voltage multi- 
plied by the turn ratio: 

A SiN cf. SiN Omt. 

This signal is then rectified by means 
of a phase sensitive rectifier which 
removes the carrier component of the 
signal. The signal is then applied to an 
attenuator and a cathode-follower to pro- 
duce an output signal with a low source 
impedance. 

The resolver is driven through a two- 
speed gearbox by means of a servo 
motor-generator and a high gain servo 
amplifier. The output of the generator is 
applied as velocity feedback to the input 
of the amplifier, where it is compared 
with a velocity input signal derived from 
an electronically stabilized supply by 
means of a chain of high stability preci- 
sion resistors. The high gain of the ampli- 
fier ensures that the motor runs substan- 
tially at the speed corresponding to the 
voltage selected. It may be noticed that 
the amplitude of the output signal does 
not depend in any way on the generated 
signal frequency as it is a function of only 
the input carrier voltage and the turns 
ratio of the transformer. The carrier is 
derived from a stabilized oscillator and is 
further monitored by means of a meter 
on the front panel of the instrument. 

It is possible to stop the generator at 
any point within the output waveform 














cycle. The generator will start from any 
pre-set position without introducing any 
transient. The starting and stopping is 
almost instantaneous as the servo motor 
is capable of very fast acceleration and 
braking. 

The mechanical output of the generator 
is available in the form of a rotation of 
a shaft revolving with a speed of lrevy 
cycle. It can be used therefore as a pre- 
cision variable speed drive for experi- 
mental laboratory use. 

Two models are available; the type 110 
which has a frequency range of -001c/s 
to 100c/s and type 111 which has a fre- 
quency range of -000Ic/s to 10c/s. 

EE 10 752 for further,details 


MINIATURE A.C. CHOPPER RELAY 
(Illustrated below) 
Eriesson Teleph Ltd, B N 2 
This miniature chopper utilizes the 
principle and design of the E.T.L. 








polarized relay. It combines exceptionally 





high performance with a high degree of 
stability in relation to adjustment. 

The general principle is such that 
susceptibility to electromagnetic pick-up 
between contacts and the driving mag- 
netic flux is low, and it also enables a 
geometrically and mass balanced armature 
system to be used. This system is mounted 
balanced on a torsional suspension and is 
therefore immune from pivoting trouble. 

Two changeover contacts can be pro- 
vided, each of which is isolated from the 
other electrically and the contact output 
can be arranged to give make-before- 
break or break-tefore-make action on 
both contact units. Precise operation of 
contact pairs is made possible by the 
specially designed spring buffering system 
which regulates the spring compliance 
throughout the armature stroke, so that 
symmetrical contact output is obtained 
with no contact bounce. 

This chopper is available with several 
adjustments and various contact effi- 
ciencies. The common features are: (1) 
size and fixing centres, (2) single or two 
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changeover contacts, (3) special 12-pin 
‘plug-in’ or ‘solder tag’ base, (4) dust- 
proof cover, (5) demountable gasket. 

In general, these choppers can be used 
with any system involving the conversion 
of low-power voltage signals. They are 
particularly useful in applications requir- 
ing error voltage measurements or null 
detections and in applications requiring 
the conversion of minute d.c./d.c. or 
d.c./a.c, signals for purposes of amplifica- 
tion in computers, electronic and electrical 
apparatus, servomechanisms, etc. 

The standard working frequency is 
50c/s, but choppers for other frequencies 
can be made available on order. 


EE 10 753 for further_details 


ANALOGUE COMPUTER 
(Illustrated below) 

Airmec Ltd, High Wycombe, Buckinghamshire 

This equipment consists essentially of 
two power supply units which provide all 
the stabilized voltage supplies necessary 
for the operation of a complete computer 
installation, which may consist of as 
many as ten each of computer amplifiers 
and drift correction amplifiers. 

Associated with the amplifiers is a 
computer unit which is one of the salient 
features of this equipment. It provides a 
basis to which the user can fit potentio- 
meters, relays and feedback components, 
the accuracy, tolerance and cost of which 
can be related to the resolution accuracy 
required as an answer to the problem. 
The inputs and outputs from the ampli- 
fiers, the relay supplies and machine unit 
voltages, are all connected to this unit 
by two leads terminated in Unitor plugs 
(one machine unit being the maximum 
output from the amplifier, which is equal 
to —100V). 

Two panels are associated with the 
computer unit, one of which is fitted with 
sockets to provide for connexion of plug- 
in feedback components across the ampli- 
fier, and the other provides for inter- 
connexions between the amplifiers and 
potentiometers. It also provides suitable 
initial condition voltages for integrators 
and machine unit voltages, together with 
a control switch for the operation of * set 
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amplifier zeroes’, ‘ set initial conditions ’ 
and ‘run’, A ‘hold’ switch is also in- 
corporated to enable the computation to 
be stopped at any desired instant. 

This whole unit is designed to fix on 
to the front of the amplifier panel from 
which it is readily detachable, and allows 
any problem to be set-up completely 
before fixing into the frame for operation. 

A unit construction design has been 
adopted in the development of this equip- 
ment to permit the incorporation of any 
one of the units into existing systems or, 
by the addition of a cabinet rack and 
amplifier frame, to provide a complete 
computer installation which can be ex- 
panded to meet the most exacting ana- 
logue computing requirements with cost 
always related to the solution accuracy 


needed. 
EE 10754 for further details 


WIRE-WOUND RESISTORS 
(Illustrated below) 


Dubilier Condenser Co, (1925) Ltd, Ducon Works, 
Victoria Road, North Acton, London, W.3 
Designated as types PW-5, PW-7 and 

PW-10 these high temperature wire- 

wound resistors are the latest addition to 

the Dubilier range of power resistors. 
Each resistor comprises a tightly and 

uniformly spaced wire, wound on a glass 

fibre core which is silicone processed. 

Solder coated wire terminations are 

secured to this element by auto-assembly 
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equipment. The element is housed in a 
ceramic case of rectangular section and 
secured therein with a special cement seal 
which mechanically bonds to the ceramic 
case, resistance element and terminations. 
These resistors are available in a range 
between 0°52 and 10k22 the normal toler- 
ance on resistance value being +10 per 
cent, The resistance changes less than 5 
per cent after 100 hours at 40°C ambient 
and 95 per cent relative humidity and less 
than 2 per cent after three times normal 
load for Ssec. The maximum tempera- 
ture coefficient between -—S55°C and 
+275°C is of the order of 0-03 per 

cent/ °C. 
EE 10 755 for further details 


INTERVAL TIMER 


(Illustrated akove right) 
General Radiological Ltd, 18, New Cavendish 
Stree, London, W.1. 

This timer was originally developed for 
the control of slow scalers, type NE.075, 
but can be used to control any process 
which can be initiated by either a short 
exponential impulse or the operation of 
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a changeover contact, and terminated by 
a second impulse or the return of the 
changeover contact to the original posi- 
tion. 

Pulses from a_ hermetically sealed 
electromechanical timing unit are fed at 
4 per second to a ‘scale of four’ to pro- 
vide output impulses at 1 per second. 

The timing unit starts automatically 
when the unit is switched on and is com- 
pensated over the temperature range 
—10°C to +50°C. 

The impulses operate an_ electro- 
mechanical counter which subtracts one 
digit per impulse from the preset time 
indicator. When the predetermined time 
interval has elapsed the changeover con- 
tacts and the unit remains in the ‘ ready’ 
state. 

If the external connexion between start 
terminals is still made counting will re- 
commence as soon as the reset signal has 
been applied. If the external connexion 
is not made it will be necessary to pro- 
vide a reset signal and a start signal. 

An ‘adding’ counter can be fitted in 
addition to the ‘ subtracting’ counter to 
provide an indication of elapsed time. 

The unit may be operated manually 
from switches on the front panel, or by 
remote control. 

EE 10 756 for further details 


BRIDGE DETECTOR 
(Illustrated below) 
Rivlin Instraments Ltd, Doman Road, Yorktown 
Industrial Estate, Camberley, Surrey 

The RIL bridge detector has been 
designed as a modern substitute for the 
classical galvanometer. 

High sensitivity is combined with fast 
response time and complete meter pro- 
tection making it a suitable instrument 
for use by toth skilled and unskilled 
personnel. The instrument is entirely self 
contained and includes internal batteries 
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for energizing the bridge circuit. Both 
battery and detector input circuits are 
carefully insulated to avoid measurement 
errors due to leakage paths to earth. 

In use the detector is connected directly 
to the bridge and the battery is controlled 
via a manual switch. 

Basically the instrument consists of a 
chopper type d.c. amplifier working into 
a phase sensitive detector. Overload pro- 
tection is inherent in the circuit so that 
damage to the meter cannot occur. A 
50c/s filter is incorporated to minimize 
a.c. pick-up from the bridge, and any 
residual pick-up can be cancelled by 
means of a balance control. 

EE 10 757 for further details 


ELECTRONIC THERMOMETER 
(Illustrated below) 


Wayne Kerr Laboratories Ltd, Chessington, 
Surrey 


This thermometer was developed origin- 
ally for measuring the exothermic tem- 
perature rise of resin castings, it is parti- 
cularly suitable for measuring component 
temperatures; overheating of instruments 
and thermal losses in solid and liquid 
systems. 





A feature of the thermometer is its 
ability to measure temperature at the end 
of a long cable. A prototype instrument, 
now teing used for geological survey, 
allows for the prote to te used 1 000ft 
below the earth’s surface. The prote em- 
bodying a temperature-sensitive metallic 
oxide tead, is connected by a moisture- 
sealed lead to a sensitive d.c. bridge 
measuring circuit. The probe has a very 
small heat capacity and the tempera- 
ture reading, therefore is practically 
instantaneous. 

Because only a small amount of energy 
is required to power the prote, errors due 
to self-heating of the bead during opera- 
tion of the thermometer are negligitle. 

There are two types of probe. (1) 
Immersion probe: this is fitted with a 
glass-seaied head suitable for immersion 
in liquids or gases. The probe tody is a 
chemical-resistant epoxide moulding com- 
position which is sealed to a nylon- 
covered lead. (2) Contact prote: this has 
the oxide element sealed into the epoxide 
prote tody, and a thin metallic cover 
acts as a thermal contact. 

The small mass of the metal and the 
efficient thermal insulating properties of 
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the epoxide body ensure rapid stabiliza- 
tion of the contact. The thermal energy 
is still further conserved by the us: of 
platinum-alloy leads, with a low Wiede- 
mann-Franz ratio, for making electrical 
contact to the head. 

The meter has two ranges 0 to 50°C 
and 50 to 100°C, 


EE 10 758 for further details 


STABILIZED POWER SUPPLY UNIT 
Applied Electronics, 3a, Chestnut Grove, New 
Malden, Surrey 
The ‘ Varicell’ stabilized power supply 
manufactured by Applied Electronics is 
a continuously variable stabilized voltage 
unit with a low hum and ripple con- 
tent having an output of 0 to 45V at 

0-25A. 

The circuit comprises a bridge rectifier 
followed by a series regulator and shunt 
control valve. Dry batteries are used as 
the voltage reference. This arrangement 
has the advantage of low cost, mechani- 
cal and electrical robustness, and the 
ability to withstand accidental overload. 
These features make the unit emminently 
suitable for use in laboratories, schools 
etc. 

Coarse and fine controls are incor- 
porated and the output is monitored on 
a high-grade voltmeter, The output is 
floating with provision for earthing either 
pole. 

EE 10 759 for further details 


TRAVELLING-WAVE-TUBE 
AMPLIFIERS 
(Illustrated below) 
Marconi Instruments Ltd, Hertfordshire 

Two new travelling-wave-tube amplifiers 
are now available. The type TF1278 is 
for use from 1200 to 1400Mc/s and 
type TF1278/1 has a range of 2700 to 
3 500Mc/s. They possess the low noise 
figures of 8dB and 7dB respectively—a 
feature which makes them particularly 
suitable for such applications as linear 
pre-amplifiers for microwave communi- 
cation and radar receivers. Both have a 
gain variable up to at least 20dB with a 
maximum power output of nominally 
ImW. 

High-speed external pulse and phase 
modulation can be applied, allowing the 
instruments to be used as modulator 





370 


stages in microwave systems, or for ob- 
taining a jitter-free modulated signal from 
a klystron source. 

To allow gain adjustment and maxi- 
mum flexibility in setting up, the helix 
and individual grid voltages are control- 
lable from the front panel. Any of these 
voltages can be displayed on the multi- 
range panel meter, which can also be 
switched to monitor the helix and col- 
lector currents. If required, external gain 
control and monitoring may tbe employed. 
Type C coaxial connectors are used for 
the r.f. input and output. 

The  travelling-wave-tube, complete 
with all associated power supply circuits, 
is mounted in a light-alloy instrument 
case fitted with carrying handles. Weight 
is kept low by the use of an aluminium 
foil focusing solenoid, which is also 
designed to simplify tube replacement. 


EE 10760 for further details 


SILVERED MICA CAPACITORS 
Johnson, Matthey & Co. Ltd, 73-83 Hatton 
arden, London, E.C.1 

Recently added to the Johnson, 
Matthey range of silvered mica capacitors 
are JMC phenolic-dip protected capaci- 
tors. 

The new capacitors, suitable for use 
over the temperature range —60° to 
+100°C, are protected by a dip coating 
of a special non-brittle phenolic material 
that is mechanically robust. The material 
is blue in colour and the markings are 
printed on the surface of the capacitors 
clearly and durably in white. 

Combining the excellent electrical 
properties of the other capacitors in the 
Johnson, Matthey range, each JMC 
phenolic-dip protected capacitor is in- 
dividually adjusted so that any value 
within the range of each type can be 
supplied. Two main series: are available, 
eyeleted and fired. 

The eyeleted capacitors are assembled 
from pierced silvered mica plates by 
means of composite silver plated eyelets, 
the design being such that no interplate 
connecting foils are used. The fired 
capacitors have higher long-term stability 
than the eyeleted, the plates used being 
fired into a solid block, a construction 
that does not necessitate mechanical 
joints or connecting foils. 
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HIGH SPEED COUNTING TUBE 
(Illustrated above right) 


Mullard Ltd, Mullard House, Torrington Place, 
ondon, W.C.1. 


Mullard Ltd have announced the intro- 
duction of a trochotron high-speed 
decimal stepping tube, for use as a counter 
or selector at speeds up to IMc/s. 

The tube, called type ETS1, is switched 
by a negative signal, and provides a con- 
stant-current output of 5-SmA—sufficient 
to drive a cold-cathode decimal indicator 
(such as the Mullard Z50 3M) and com- 
patible with the input requirements of 
direct read-out digital indicators. 

The trochotron is a vacuum device 
which makes use of crossed electric and 
magnetic fields to form a beam of elec- 
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trons between a thermionic cathode and 
any of ten groups of three electrodes 
mounted radially about the cathode. The 
electric field is provided by the inter- 
electrode potentials within the tube and 
the magnetic field by a _ cylindrical 
permanent magnet fitted externally 
around the glass envelope. 

Each group of electrodes consists of a 
spade, which forms and locks the beam in 
position; a target, which makes the beam 
available as a constant current output; 
and a grid, for switching the beam from 
one spade to the next. When power is first 
applied, all spades will be equally posi- 
tive with respect to cathode and, due to 
the action of the magnetic field in pre- 
venting electrons reaching the electrode- 
groups, the tube will be in a ‘cut-off’ 
condition, with no beam formed. How- 
ever, if the potential of any spade is 
reduced, by means of a high-speed pulse 





or a d.c. voltage, the beam will form on 
the electrode group associated with that 
spade, and an output will appear on the 
corresponding target. 

Once formed, the beam is held in this 
position by a combination of the spade 
series resistance and spade current until it 
is stepped to the next position by lowering 
the voltage on the associated switching 
grid. 

Since only the grid in its immediate 
vicinity will affect the beam, the grids are 
connected internally in two groups: the 
odd-numtered grids in one, the even- 
numtered in the other. This makes it 
possible to use a d.c, input for switching 
and still obtain single position stepping, 
thus avoiding the necessity for a pulse of 
critical width. 

The output characteristic of the trocho- 
tron is similar to that of a pentode valve, 
and in the ET51 over 80 per cent of the 
beam current appears in the output, the 


remainder being used to form and lock 


the beam. 
EE 10 762 for further details 


FULLY AUTOMATIC COIL 
WINDING MACHINE 


Dis‘ributed by: R. H. Cole (Overseas) Ltd, 2, 
Caxton Street, Westminster, London, S.W.1 


A new coil winding machine which 
operates fully automatically and does not 
require the services of an operator is now 
being manufactured by W. Aumann K.G. 
of Germany. 

The machine consists of a revolving 


JUNE 1959 


face plate to which the wire guide is 
fitted and of an indexing table which 
carries the coil jigs. Accurate layer wind- 
ing is achieved by controlled movement 
of the face plate and can be maintained 
throughout the whole coil without the 
need for paper interleaving. Formers can 
be fed automatically to the jigs and 
ejected on cumpletion of winding. Alter- 
natively unsupported coils, i.e., field coils, 
can be wound on jigs and bonded on the 
machine after winding, all operations 
being completely automatic. It is also 
possible to bring out wire loops for tap- 
pings, to wind two or three inter- 
connected coils, which can have different 
numters of turns, on the same station or 
to wind several coils on the same former, 
ie. r.f. coils for televisicn sets. Primaries 
and secondaries of low voltage trans- 
formers can be wound using two wind- 
ing heads with the same indexing table. 
The machine is fully adjustable to suit 
different types of coils, wire gauges, etc., 
and although most economical for large 
batch production, can be adapted for 
many tasks. 

Maximum winding speed is 3 000rev/ 
min. Wire gauges are from 18 to 45 s.w.g. 
and maximum coil dimensions up to 1-2in 
in length and 8in diameter. The machine 
is usually fitted with six working stations 
but up to twelve can be fitted on request. 

A semi-automatic model is also avail- 
able. In this case the operator controls 
the indexing of the table and removes the 
finished coils from the jigs, while the 
sequential arrangement permits work 
being carried out on the coils during the. 
actual winding times. 


EE 10763 for further details 


TORQUE MOTORS 


(Illustrated below) 


Woden Transformer Co. Ld, Moxley Road, 
Bilston, Staffordshire 

These units are correctly described as 

electromagnetic transducers and consist 

of a permanent magnet system incorpcrat- 

ing an armature which is moved by the 


passage of current through control wind- . 


ings. The action may be differential or 
otherwise, depending upon the coil con- 
nexions. In a single ended system the 
transducers can be operated against a 
rate spring. Any degree of magnetic or 
electrical stiffness may be ottained to 
suit the particular application. 
Feedback windings or potentiometers 
can te incorporated, The transducers can 
be operated completely immersed in oil 
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or provision can be made for fitting oil 
seals to prevent ingress of synthetic fluids 
which may have a deleterious effect upon 
the performance. 

Where conversion of electrical signals 
into mechanical energy is necessary the 
sensitivity of the units is such that a few 
milliamperes of differential current can 
control large amounts of torque output 
from other devices. 

The special design enables linear per- 
formance and fast rate of response to be 
obtained in conventional servo loops. 
Transducers are available for transistors, 
electronic and magnetic amptifier systems 
and can te supplied complete with 
hydraulic or pneumatic valves. 

These units are available in a range 
of sizes, the angular movement in all 
cases being approximately 7° either side 
of natural centre. 
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TANTALUM ANODE CAPACITORS 
(Illustrated above) 


The Telegraph Condenser Co. Ltd, North Acton, 
ondon, W.3. 


This new range of tantalum anode 
capacitors has a working temperature 
range from —55°C to +125°C. Capa- 
citors using tantalum foil anodes have a 
number of advantages over the more con- 
ventional types including a high capacit- 
ance value for small physical size. 

Because tantalum is inherently inert 
and is not liable to corrosion, the reli- 
ability and shelf life of the capacitor are 
far superior to that of the usual 
aluminium anode capacitor and _ pre- 
liminary re-ageing is unnecessary after 
long dormant periods. 

The leakage current is very low and 
stable; therefore these components may 
be used in certain timing circuits with 
confidence. 

The wound tantalum foil element is 
contained in a metal tute, the ends of 
which are sealed with an epoxy-resin 
which has the property of affording a 
complete affinity to the metal tute and in 
turn to the axial wire termination. 
Polarization is indicated where applicable 
by appropriate crosses around the posi- 
tive end of the tute, All non-polarized 
capacitors are fitted with a protective 
sleeving, whereas in the case of the 
polarized range sleeving is optional. 

Terminations are 22 s.w.g. tinned 
nickel wires. 

These capacitors are available in a 
range of working voltages from 6V to 
150V and capacitance values from 0:254F 
at the higher voltages to 200uF at the 
lower voltages. 


EE 10 765 for further details 
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Short News Items 


Cable and Wireless Ltd, have an- 
nounced that the first of two orders for 
a total of 2 152 miles of submarine cable 
at a cost of £3 000 000 was issued by the 
Company to Submarine Cables Ltd of 
London. The cable will be made at the 
Telcon Works, Greenwich, and will be 
laid across the Atlantic between Scot- 
land and Newfoundland in the summer 
of 1961. It will be the first ocean link in 
the 30000 mile Commonwealth round- 
the-world telephone cable, estimated to 
cost £88 000000. This order is for 552 
miles of armoured cable for the shallow 
water sections and shore ends at a cost 
of £745 115. It is expected to be followed 
shortly by an order for 1600 miles of 
lightweight cable at a cost of £2 254 400 
for the deep-sea section. The lightweight 
cable is of a new type, specially developed 
for use with rigid, two-way submerged 
repeaters of British design. About 92 re- 
peaters will be required for the trans- 
Atlantic section. This section, estimated 
to cost £9 000 000 is being jointly financed 
by the Company and the Canadian Over- 
seas Telecommunication Corporation. The 
single cable will provide capacity for 60 
simultaneous telephone conversations, or 
some 48 telegrams in place of any one of 
them. 


The Department of Scientific and 
Industrial Research this year made the 
first of ten annual awards, under the terms 
of a will, to the research worker con- 
sidered to have made an outstanding con- 
tribution to the research work of the 
department during the previous twelve 
months. This Wolfe Award in the form 
of a cheque for £500 was presented by 
The Lord President of the Council (Lord 
Hailsham) to L. Essen, O.B.E., D.Sc., 
Ph.D., A.M.LE.E., at the Privy Council 
Office. Dr. L. Essen, a Senior Principal 
Scientific Officer at the National Physical 
Laboratory, was selected for the award 
on account of his work on the establish- 
ment of an atomic frequency standard as 
a basis for the future standard of time. 


The British Exhibition which will open 
in the Coliseum Building, New York, on 
June 10, 1960, is now being organized 
and Sir Norman Kipping, Director 
General of the Federation of British In- 
dustries and Mr. W. P. N. Edwards, a 
Director of F.B.I.. have gone to the 
United States to make preliminary 
arrangements. Britain plans to put on a 
demonstration of advances in British 
science, technology and engineering which 
will be combined with a display of 
Britain’s most famous top quality con- 
sumer goods. The exhibition, which will 
last for two weeks, is expected to be the 
largest ever staged by one country within 
the confines of another. 
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Chimel S.A. have announced that they 
have further reduced the size of their 
solid electrolyte tantalum capacitors and 
that their present production includes 
capacitors of up to 6V 330uF; 10V 220zF; 
1SV 150uF; 20V 120“eF and 35V 604F; 
with temperature variations from —80°C 
to +85°C. 


The Fifteenth Annual National Elec- 
tronics Conference will be held this year 
on 12-14 October at the Hotel Sherman 
in Chicago. British representatives are 
invited to participate as exhibitors of 
electronic products or general participants 
of the Conference. Specific information 
on the Conference programme registra- 
tion procedures and fees etc. will be for- 
warded on application to Mr. H. K. 
Bourne, United Kingdom Scientific Mis- 
sion, 1907 K Street N.W., Washington 6, 
D.C., U.S.A. 


Marconi Instruments Ltd, through 
their agents in Canada, the Canadian 
Marconi Company, have received an 
order from the Canadian Department of 
Defence Production for 200000 dollars 
worth of telecommunication measurement 
equipment. Nearly two hundred instru- 
ments are to be provided, including signal 
generators, portable frequency meters, 
oscilloscopes, wave analysers, and trans- 
mission test sets. Of particular interest is 
the bulk order for the White Noise Test 
Set, Type OA 1249A; this equipment per- 
mits realistic measurement of intermodu- 
lation products and noise in multi-channel 
link equipments. Also on order is a 
quantity of the Derivative Test Set, Type 
OA 1259, which is used in testing and 
aligning radio link modulators and de- 
modulators. 


Plessey International Limited have 
announced the formation of a German 
company at Neuss, near Dusseldorf, 
which will further Plessey interests in the 
European market. Registered as Plessey 
Maschinen Elemente Gesellschaft m.b.H., 
with a nominal capital of DM.200 000, 
the new company will be responsible for 
the manufacture of many products in the 
light engineering field, particularly those 
relating to hydraulic equipment. 


The University of Birmingham is to 
start a graduate course in the theory of 
electrical machinery this coming autumn 
and the possibility of awarding the degree 
of M.Sc. by examination on this course 
is under consideration. Details can be 
obtained on application to Mr. D. A. 
Bell, The Electrical Engineering Depart- 
ment, The University of Birmingham, 
Edgbaston, Birmingham, 15. 

(Pages 373 to 382 French and German section) 
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The Radio Industry Council announces 
that the 26th National Radio and Tele- 
vision Exhibition will be held at Earls 
Court, London, from Wednesday, 26 
August, to Saturday, 5 September, with 
a preview on Tuesday, 25 August. 


The Council of the British Institution 
of Radio Engineers has announced that 
it is to establish four additional Premiums 
for the authors of outstanding papers 
published in the Brit. I.R.E. Journal. It 
is intended that two of these Premiums 
shall take account more especially of the 
extensions in the field of electronics and 
its applications which have taken place 
during the last decade. The third Premium 
is for an outstanding paper on production 
techniques in the electronics industry, 
and the fourth has been endowed by a 
Past Chairman of the North Eastern Sec- 
tion to encourage the presentation of 
papers before that Section. In addition, 
the Council has decided to increase the 
value of the Clerk Maxwell Premium to 
25 guineas. This is the senior premium 
and is awarded to the author of the out- 
standing contribution, irrespective of the 
subject, published in the Journal during 
the year. Details of the new Premiums 
are as follows: 

Charles Babbage Premium: This Pre- 
mium is for an outstanding paper on 
the design or use of electronic com- 
puters, and its title recognizes the 
pioneer work of Babbage in first 
formulating the requirements for a 
calculating machine. The value is 15 
guineas. 

Lord Rutherford Premium: Electronics 
plays an ever-increasing part in con- 
trol and instrumentation associated 
with atomic physics and nuclear 
engineering. The Premium com- 
memorates the fundamental work 
carried out by Lord Rutherford at 
the Cavendish Laboratory, Cam- 
bridge. The value is 15 guineas. 

Arthur Gay Premium: The importance 
of efficient methods of production in 
the electronics industry led to the 
establishment of this Premium for 
an outstanding paper on production 
techniques. The late Arthur Gay was 
a production engineer associated with 
H. J. Leak (Member) who has en- 
dowed the Premium. The value is 10 
guineas. 

Hugh Brennan Premium: This Pre- 
mium is to be awarded annually tc 
the author of the most outstanding 
paper read before the North-Eastern 
Section of the Institution, and sub- 
sequently published in the Journal. 
The value is 15 guineas. 

Papers falling under the terms of refer- 
ence of these four Premiums, and pub- 
lished in the Journal during 1959, will be 
automatically considered for the awards. 
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ANY CASE 
Cases? Consoles? Open, enclosed, F/V 
or I/V Raks? Electrical cubicles? Choose 
from the widest range of expertly 
designed ‘standards’ and save money. 
Usually, Imhofs can supply the case you want 
from stock plus a variety of chassis, panels 
and strong, good-looking handles 
—rali ANY SIZE 
Earls You can have anything from small 
96 instrument cases to the largest console 
with installation, as used by major electrical 
undertakings, without paying a penny 
for tooling. Imhofs standard cases 
are available in a variety of sizes specially 
, designed to meet most requirements 
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_ ANY TIME 
pers Cases in a hurry? It’s no problem at all 
i 2 to Imkofs! All Imhof ‘standards’ are 
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the in special circumstances). Generous 
and discounts for quantity orders. Fully 
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1. ALFRED IMHOF LIMITED - Dept.F6 Ashley Works - Cowley Mill Road - Uxbridge Middx. - Uxbridge 6231 
Export & London Showrooms : 112-116 New Oxford Street WCI + Museum 7878 
‘i IMHOFS AGENTS OVERSEAS ‘. 
‘ AUSTRALIA. Aladdin Industries (Py) Lad, PRL Fake Sctowtoe fepcuianen N Serraennan Walter Bm, Zurich 219 
BELGIUM Rogelec, Ghent HOLLAND J.Th. van Reijsen, Delft u.s.A. Bud Radio Inc, Cleveland 3, Ohio 
5. CANADA Measurement Engineering Ltd, BRIT. GUIANA British Caribbean Agencies Ltd, 
Arnprior NEW ZEALAND Imarex Lid, Auckland C3 Georgetown, Demerara 
NORWAY Birger Christensen, Oslo 
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The advertisement pages in this section are 
available for British and Overseas advertisers 
to present their products to electronics engineers 
all over the world. They will command much 
attention. . 

For further details write to THE ADVERTISEMENT MANAGER 


Les pages d’annonces de cette section sont 
réservées d Ia publicité des sociétés britanniques 
et €trangéres ofin de leur permettre de présenter 
leurs fabrications aux ingénieurs-électriciens du 
monde entier. Elles attireront une attention 
considérable. 

Pour plus amples renseignements s’adresser au CHEF DE LA PUBLICITE 


Die Anzeigenseiten in diesem Teil stehen britischen, 
europaischen und iberseeischen Inserenten zur 
Einfuhrung ihrer Erzeugnisse bei elektronischen 
Ingenieuren auf der ganzen Welt zur Verfiigung. 
Sie werden immer gebithrende Aufmerksamkeit 
auf sich ziehen. 


Wegen weiterer Einzelheiten wenden Sie sich bitte 
AN DEN WERBUNGSLEITER 


Electronic Engineering 


28 ESSEX ST., STRAND, LONDON, W.C.2, ENGLAND 
Telephone: CENtral 6565 Telegrams: ‘Lectroning, Estrand, London’ 
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Une description basée sur des renseignements fournis par les fabricants de nouveaux organes, acces- 


POTENTIOMETRE A BROCHE 
CREUSE 


(Illustration a la page 368) 
The Plessey Co. Ltd, Ilford, Essex 

Une nouvelle conception de compo- 
santes variables 4 broche de commande 
a donné lieu 4 la réalisation par la 
Société Plessey d’un potentiométre a 
broche triangulaire formée de bandes 
plates de cuivre. 

La broche a été étudiée de facon a 
rendre inutile Tusinage de méplats 
spéciaux et le montage de boutons, tous 
les montages étant effectués par la flexion 
ou le faconnage de la broche creuse de 
cuivre pour pouvoir y loger un anneau 
de polystyrene portant le dispositif a 
balais. L’arrét de limite et I'embout de 
commutation font également corps avec 
l’anneau de polystyréne. 

Le bouton de commande constitue un 
avantage supplémentaire de cette nouvelle 
méthode de construction. Ce bouton ne 
nécessite qu’un simple trou triangulaire, 
de dimensions légérement:plus réduites 
que la broche afin d’assurer une locali- 
sation positive en trois positions dif- 
férentes. On peut, évidemment, employer 
aussi les méthodes_ conventionnelles. 
Enfin, la flexibilité propre de la broche 
empéche I'effort de commande. 

Le manchon et la table cylindrique 
sont un moulage en coquille 4 base de 
zinc, d'une seule piéce, ce qui assure une 
grande rigidité et une localisation précise. 
La résistance d’isolement du_potentio- 
métre est extrémement bonne, grice a 
l’emploi du polystyréne. 

EE 10751 pour plus amples renseignements 


GENERATEUR FREQUENCE TRES 
BASSE 
(Illustration a la page 368) 


Servo Consultants Ltd, 17 Woodfield Road, 
London W.9 


Ce nouveau générateur constitue un 
vérificateur de précision, concgu pour 
l'essai de syst#¢mes de contréle et de 
machines automatiques. II allie la sim- 
plicité de construction 4 la robustesse, 
tout en assurant des formes d’ondes, une 
amplitude et un étalonnage de fréquence 
des plus stables. II est complétement 
exempt de perturbations transitoires 4 la 
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soires et instruments d’essai 


mise en marche, a I’arrét et aux change- 
ments de fréquence, 

La partie principale du générateur 
consiste en un dispositif de résolution, 
tournant a une vitesse angulaire m 
rigoureusement stabilisée. Ce dispos'tif 
peut étre considéré comme un trans- 
formateur 4 rapport variable, dans lequel 
le rapport des tours est proportionnel au 
sinus de lI angle entre l’enroulement 
stationnaire et le rotor de résolution a 
n'importe quel moment, c’est a dire a 
mt. Le stator est alimenté par un signal 
porteur d’amplitude constante ayant une 
fréquence de w.=27 2 400 rad/sec. qu’on 
peut représenter comme: Sin A @.t. 

La sortie du rotor est proportionnelle 
a la tension d’alimentation multipliée par 
le rapport de tours soit: Sin A ®t . sin 
Opt. 

Le signal est ensuite redressé au moyen 
d’un redresscur a4 sensibilité de phases 
qui supprime la composante porteuse du 
signal. Le signal est ensuite appliqué a 
un atténuateur et 4 une charge cathodi- 
que afin de produire un signal de sortie 
a basse impédance de source. 

Le dispositif de résolution est actionné 
par une boite 4 deux vitesses, mue par 
un servo-moteur générateur et un servo- 
amplificatur 4 grand gain. La sortie du 
générateur est appliquée comme réaction 
de vitesse 4 I’entrée de I’amplificateur, ot 
elle est comparée & un signal d’entrée de 
vitesse provenant d'une  alimentation 
électroniquement stabilisée au moyen 
d'une chaine de résistance de précision 
de grande stabilité. Le grand gain de 
l’amplificateur assure la marche du 
moteur a une vitesse correspondant 
sensiblement 4 la tension choisie. On 
observera que l’amplitude du signal de 
sortie ne dépend nullement de la fré- 
quence du signal produit car elle n‘est 
que fonction de la tension porteuse 
d’entrée et du rapport des tours du trans- 
formateur. La tension porteuse provient 
d'un oscillateur stabilisé et elle est, en 
outre. contrélée par un compteur sur le 
panneau avant de I’instrument. 

On peut arréter le générateur a 
n’importe quel point du cycle de formes 
d’ondes de sortie. I] pourra étre mis en 
marche 4 n‘importe quelle position pré- 
réglée sans causer de pertubations transi- 
toires. La mise en marche et larrét 
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Traduction des pages 368 d 371 


sont presque instantanés car le servo- 
moteur est capable d'une accélération et 
d'un freinage trés rapides. 

La sortie mécanique du _ générateur 
s’effectue par la rotation d’un arbre a la 
vitese de 1 tour par cycle. Fille peut 
donc étre utilisée comme vitesse d’en- 
trainement variable de précision a l’usage 
des laboratoires expérimentaux. 

Deux modéles sont livrables: le type 
110, qui a une gamme de fréquences de 
.001 Hz a 100 Hz, et le type 111, dont 
la gamme va de 0,0001 Hz a 10 Hz. 


EE 10752 pour plus amples renseignements 


RELAIS ECRETEUR MINIATURE 
C.A. 
(Illustration a la page 368) 

Ericsson Telephones Ltd, Beeston, Nottingham 

Cet écréteur miniature applique le 
principe et la conception du_ relais 
polarisé ETL. Il allie un rendement 
exceptionnellement élevé 4 un haut degré 
de stabilité en ce qui a trait au réglage. 

Le principe général de l'appareil est tel 
que sa sensibilité a l’attraction ¢lectro- 
magnétique entre contacts et flux ma- 
gnétique d’entrainement est fort réduite. 
Il permet également d’utiliser un syst¢me 
dinduits équilibrés quant a la masse 
ainsi que géométriquement. 

Ce systéme équilibré est monté sur 
suspension de torsion et ne donne donc 
pas lieu 4 des ennuis de pivotation. 

Deux contacts inverseurs, isolés élec- 
triquement l'un de I‘autre, peuvent étre 
fournis. La sortie de contact peut étre 
disposée de maniére 4 pouvoir mettre et 
retirer le courant sur les deux éléments 
de contact. Le fonctionnement précis des 
paires de contacts est assuré par un 
syst¢me spécial de tampons que régle le 
jeu des ressorts pendant toute la course 
de linduit, permettant ainsi d’obtenir une 
sortie de contact symétrique et sans 
rebondissement des contacts. 

Cet écréteur se fait avec divers réglages 
et différents rendements de contacts. Les 
caractéristiques communes de ces modéles 
sont: 

—les dimensions et les centres de 

fixation, 

—un contact unique ou deux contacts 

inverseurs, 

—la base spéciale 4 12 broches, inter- 
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changeable ou avec cosse 4 souder, 

—le couvercle anti-poussiére, 

—la garniture démontable. 

D’une maniére générale, ces écréteurs 
peuvent étre employés avec n’importe 
quel systtme comportant la conversion 
de signaux de tension basse. IIs sont 
particuli¢rement utiles pour les applica- 
tions nécessitant des mesures d’erreurs de 
tension ou l'indication de zéro, ainsi que 
pour les applications exigeant la con- 
version de signaux minuscules de c.c./c.c. 
ou c.c./c.a., pour l’amplification dans 
les calculateurs électroniques, dans les 
appareils électriques ou électroniques, 
dans les servomécanismes, etc. etc. 

La fréquence de service standard est 
de 50 Hz mais des écréteurs pour d’autres 
fréquences sont livrables sur commande. 

EE 10 753 pour plus amples renseignements 


CALCULATEUR ANALOGIQUE 
(Illustration a la page 369) 

Airmec Ltd, High Wycombe, Buckinghamshire 

Cet équipement se compose essentielle- 
ment de deux blocs d’alimentation 
fournissant toute la tension stabilisée 
nécessaire au fonctionnement d’une cal- 
culatrice électronique compléte, qui peut 
comprendre jusqu’a dix amplificateurs de 
calculateur et autant d’amplificateurs de 
correction de dérive. 

Le bloc calculateur, relié aux ampli- 
ficateurs, constitue l’un des principaux 
éléments de I’équipement. II est pourvu 
d'une base a laquelle l'utilisateur peut 
fixer des potentiométres, des relais et des 
composantes de réaction, dont la préci- 
sion, la tolérance et le cofit peuvent étre 
rapportés 4 la précision de résolution 
requise pour répondre au probléme. Les 
entrées et les sorties des amplificateurs, 
les alimentations des relais et les tensions 
des éléments de la machine sont toutes 
reliées au bloc calculateur par deux con- 
ducteurs se terminant en fiches UNITOR 
{un élément de machine étant la sortie 
maximum de _ T’amplicateur, égalant 
+ 100 Volts). 

Le bloc calculateur est rattaché A deux 
panneaux. dont Tun est muni de prises 
pour brancher les composantes réactives 
interchangeables 4 travers l’amplificateur, 
et Tautre d’interconnexions entre les 
amplificateurs et les potentiométres. II 
fournit des tensions appropriées de début 
aux intégrateurs et des tensions d’élé- 
ments de machine, et il également doté 
d’un commutateur de contréle pour la 
commande des “zéros d’amplificateur 
réglés ’’, des “conditions initiales réglées” 
et de la “marche”. Un commutateur 
de “fixation” est également incorporé 
afin de pouvoir interrompre le calcul a 
n'importe quel moment. 

Le bloc entier a été étudié pour pou- 
voir étre monté sur l’avant du panneau 
d’amplificateurs dont il peut facilement 
étre détaché et il permet de “composer” 
entiérement un probléme donné avant de 
le fixer dans le cadre pour les opérations. 

Cette calculatrice a été construite selon 
la formule “a éléments” afin de per- 
mettre d’incorporer n’importe lequel des 
éléments dans un équipement en ser- 
vice par TIadjonction d’un_ support 
a coffret et d'un cadre d’amplificateurs 
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afin de former une installation de calcul 
complete, pouvant étre développée pour 
répondre aux conditions de calcul ana- 
logique les plus astreignantes, le coft 
étant toujours en rapport avec la préci- 
sion des solutions requises. 

EE 10 754 pour plus amples renseignements 


RESISTANCES BOBINEES 
(Illustration a la page 369) 
Dubilier Condenser Co. (1925) Ltd, Ducon Works, 
Victoria Road, North Acton, London, W.3 

Ces résistances bobinées, Types PW-5, 
PW-7 et PW-10, constituent la plus 
récente réalisation de la gamme de 
résistances de puissance Dubilier. 

Chaque résistance comprend un fil 
métallique uniformément et étroitement 
enroulé sur un noyau en fibre de verre 
traité au silicone. Les terminaisons en 
fil métallique enrobé de soudure sont 
fixées 4 cet élément par auto-assemblage. 
L’élément est logé dans une enveloppe en 
céramique de section rectangulaire et il 
est maintenu en place par un joint de 
ciment spécial. Ce dernier agglomére 
mécaniquement 4 l’enveloppe en céra- 
mique tant l’élément de résistance que 
les terminaisons. 

Ces résistances sont livrables en une 
gamme allant de 0,5 ohms a 10 kohms, 
la tolérance normale sur la valeur de 
résistance étant de +10%. La résistance 
subit un changement de moins de 5% 
aprés 100 heures dans une température 
ambiante de 40° C et dans une humidité 
relative de 95%, et de moins de 2% 
aprés trois fois la charge normale pen- 
dant 5 secondes. Le coefficient de tem- 
pérature maximum entre —55° C et 
+275° C est de lordre de 0,03% par 
degré centigrade. 

EE 10 755 pour plus amples renseignements 


SYSTEME CHRONOMETRIQUE 
(Illustration a la page 369) 


General Radiological Co. Ltd, 18 New Cavendish 
Street, London W.1 


Ce systtme chronométrique, congu a 
lorigine pour les échelles 4 ralentisse- 
ment du Type NE 075, peut, cependant, 
contréler tout processus déclenché par 
une courte impulsion exponentielle ou 
par le fonctionnement d’un contact in- 
verseur, et sachevant par une seconde 
impulsion ou par le retour du contact 
inverseur 4 la position premiére. 

Les impulsions partant d’une minuterie 
électro-mécaniquement scellée, alimen- 
tent, A raison de 4 impulsions par 
seconde, une “échelle de quatre” afin 
de produire des impulsions de sortie au 
taux de 1 impulsion par seconde. 

La minuterie se met en marche auto- 
matiquement lorsque Jl’appareil est 
branché et elle est compensée sur une 
gamme de température de —10°C a 
+50°C. 

Les impulsions actionnent un comp- 
teur électromécanique, qui soustrait un 
numéro par impulsion de l‘indicateur de 
temps préréglé. Lorsque l’intervalle de 
temps prédéterminé s’est écoulé, les con- 
tacts inverseurs sont mis en action et 
l'appareil reste 4 l'état “ prét”. 
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Si la liaison extérieure entre les 
bornes d’amorcage est toujours établie, 
le comptage recommencera aussitét le 
signal de réenclanchement appliqué. Si, 
par contre, la liaison extérieure n’est pas 
établie, il faudra alors effectuer un signal 
d’amorgage. 

On peut fixer un compteur “addi- 
tionneur” en plus du compteur “sous- 
trayeur,”’ afin de pouvoir indiquer le 
temps écoulé. 

Enfin, l'appareil peut étre soit com- 
mandé a la main par les boutons du pan- 
neau de commande soit 4 distance. 


EE 10 756 plus pour amples renseignements 


DETECTEUR EN PONT 
(Illustration a la page 369) 


Rivlin Instruments Ltd, Doman Road, Yorktown 
Industrial Es‘ate, Camberley, Surrey 


Le Détecteur en pont RIL a été 
étudié afin de pouvoir remplacer le 
galvanométre classique par une version 
plus moderne. 

Sa haute sensibilité, alliée 4 une trés 
courte durée de réponse et a une pro- 
tection totale du compteur, en font un 
instrument pouvant étre employé par un 
personnel spécialisé ou non-spécialisé. 

Il est entitrement complet par lui- 
méme et comprend des piles internes 
pour exciter le circuit de pont. Tant 
les circuits de batterie que ceux d’entrée 
du détecteur sont rigoureusement isolés 
afin d’empécher des erreurs de mesure 
dues aux parcours de dispersion vers la 
masse. 

En cours d’usage, le détecteur est 
directement relié au pont et la batterie 
est commandée par un commutateur 
manuel. 

L’instrument se compose essentielle- 
ment d’un amplificateur de courant con- 
tinu du type écréteur relié 4 un détecteur 
sensible aux phases. Le circuit est 
pourvu d’un disjoncteur & maxima em- 
péchant l’endommagement de |’appareil 
de mesure. Enfin, Tinstrument com- 
porte un filtre de 50 Hz qui atténue 
lattraction de courant alternatif du pont, 
toute tension résiduelle pouvant étre 
annulée au moyen d’une commande 
d’équilibre. 

EE 10 757 pour plus amples renseignements 


THERMOMETRE ELECTRONIQUE 
(Illustration a la page 370) 
Wayne Kerr Laboratories Ltd, Chessington, Surrey 

Ce thermométre a été concu pour 
mesurer la hausse de température exo- 
thermique de moulages de résine. [Il est 
particulitrement indiqué pour mesurer 
les températures de composantes, la sur- 
chauffe d’instruments et les _pertes 
thermique dans des systémes solides et 
liquides. 

L’instrument se caractérise par le fait 
qu’il peut mesurer la température 4 
l’extrémité d’un long cable. Un proto- 
type, actuellement affecté aux relevés 
zéologiques, permet d’utiliser la sonde a 
305 métres sous la surface de la terre. 
Cette sonde, qui comporte une perle 
d’oxyde métallique, sensible 4 la tem- 
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pérature, est reliée par un conducteur 
étanche 4 un circuit de mesure a pont 
c.c. sensible. La sonde a une trés faible 
capacité de chaleur et la température 
peut donc étre lue presque instantané- 
ment. 

Etant donné qu’une quantité réduite 
d’énergie est nécessaire 4 I’entrainement 
de la sonde, les erreurs dues 4 I’auto- 
échauffement de la perle durant l’emploi 
du thermométre sont insignifiantes. 

Deux types de sondes sont livrables, 
soit: 1) la sonde a immersion, munie 
dune téte sceliée au verre et se prétant 
a limmersion dans des liquides ou des 
gaz, le corps de la sonde étant formé 
d'un moulage 4 époxyde chimiquement 
résistant, scellé 4 un plomb couvert de 
nylon; 2) la sonde de contact, dont 
I’'élément oxyde est scellé au corps de 
sonde d’époxyde, tandis qu’une mince 
enveloppe métallique fait fonction de 
contact thermique. 

La masse réduite du métal et les 
hautes propriétés d’isolement thermique 
du corps d’époxyde assurent la stabilisa- 
tion rapide du_ contact. L’énergie 
thermique peut étre conservée plus 
longuement par l'utilisation de conduc- 
teurs en alliage de platine, avec un faible 
rapport Wiedemann-Franz, pour réaliser 
le contact électrique avec la téte. 

Le thermométre comprend deux 
gammes soit: 0 4 50° C et 50 4 100° C. 

EE 10 758 pour plus amples renseignements 


BLOC D’ALIMENTATION 
STABILISEE 
Applied Electronics, 3a Chestnut Grove, New 
Malden, Surrey 

Le bloc d’alimentation _ stabilisée 
“VARICELL”, produit par la Société 
Applied Electronics, est un élément de 
tension stabilisée 4 variation continue 
ayant un faible niveau de bourdonne- 
ment et d’ondulation. Sa puissance de 
sortie est de 6 a 45 volts, 4 0,25 ampéres. 

Le circuit comporte un redresseur de 
pont, suivi d’un régulateur série et d’un 
tube de commande de shunt. Des piles 
seches sont utilisées comme repéres de 
tension. L’avantage de ce dispositif 
est son faible coit, sa robustesse 
mécanique et électrique et sa résistance 
a une surcharge accidentelle. L’ensemble 
de ces caractéristiques rend l’appareil 
éminemment approprié pour l'emploi 
dans les laboratoires. écoles, etc. 

L’appareil est pourvu de réglages précis 
et approximatifs, et la sortie est con- 
trélée par un voltmétre de haute qualité. 
La sortie est flottante et prévoit la mise 
a la masse de I’un ou I’autre des pdles. 

EE 10 759 pour plus amples renseignements 


AMPLIFICATEURS AVEC TUBES A 
ONDES PROGRESSIVES 


(Illustration a la page 370) 
Marconi Instruments Ltd, Herefordshire 
Deux nouveaux modéles d’amplifica- 
teurs avec tubes A ondes progressives 
sont livrables dés maintenant, soit le 
type TF 1278, prévu pour une gamme de 
1200 a 1400 MHz, et le type TF 
1278/1, pour 2700 4 3500 Mhz. Leurs 
niveaux de bruit sont fort bas: 8 dB et 
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7 dB respectivement, ce qui les rend 
particulitrement indiqués pour servir, 
par exemple, de _ préamplificateurs 
linéaires pour récepteurs de radar et 
transmissions hyperfréquences. Les deux 
types ont un gain variable allant jusqu’a 
20 décibels au moins, avec ume sortie 
de puissance nominale de 1 mW au 
maximum. 

En appliquant des impulsions externes 
a action rapide et la modulation de 
phases, on peut employer ces instru- 
ments comme étages modulateurs dans 
des systemes hyperfréquences, ou encore 
pour obtenir un signal modulé sans 
vacillement a partir d’une source de 
klystron. 

La spirale et les tensions de grille in- 
dividuelles peuvent étre commandées a 
partir du panneau avant, de maniére a 
permettre le réglage du gain et le maxi- 
mum de. flexibilité durant le montage. 
N’importe laquelle de ces tensions peut 
étre représentée sur le compteur 4 pan- 
neau toutes ondes, qu’on peut égale- 
ment brancher pour le contréle de la 
spirale et des courants collecteurs. On 
peut utiliser, au besoin, le contréle du 
gain externe. Des connecteurs coaxiaux 
Type C sont prévus pour l’entrée et la 
sortie haute fréquence. 

Le tube 4 ondes progressives, complet 
avec tous les circuits d’alimentation 
correspondants, est monté dans un boitier 
en alliage léger, muni de poignées de 
support. Le poids a été réduit au mini- 
mum par lutilisation d’une solénoide de 
focalisation en feuilles d’aluminium, qui 
présente également l’avantage de simpli- 
fier le remplacement du tube. 


EE 10 760 pour plus amples renseignements 


CONDENSATEURS AU MICA 
ARGENTE 


Johnson, Matthey & Co. Ltd, 73-78 Hatton 
Garden, London, E.C.1 


Les condensateurs JMC, protégés par 
trempe phénolique, viennent d’étre 
ajoutés 4 la gamme des condensateurs 
au mica argenté de la Société Johnson, 
Matthey & Co. Ltd. 

Ces nouveaux condensateurs qui con- 
viennent a l'emploi dans les températures 
allant de —60°C a +100°C sont protégés 
par un enduit d’immersion de matiére 
spéciale phénolique non friable et 
mécaniquement robuste. Cette matiére 


est de couleur bleue et les repéres sont ° 


imprimés en blanc, des fagon distincte et 
durable, sur la surface de condensateurs. 
En plus des propriétés électriques 
excellentes, & l’instar des autres conden- 
sateurs de l’assortiment Johnson Matthey, 
chaque condensateur JMC 4 protection 
phénolique est réglé individuellement de 
sorte que n’importe quelle valeur, dans 
la gamme de chaque type, peut étre 
fournie. Il existe deux séries principales, 
soit celle a oeillets et celle “chauffée”. 
Les condensateurs a4 oeillets sont 
assemblés a partir de plaques percées de 
mica argenté, au moyen d’oeillets argentés 
composites, leur construction étant telle 
qu’aucune feuille de métal intermédiaire 
de jonction n’est employée. Les conden- 
sateurs “chauffés” ont une stabilité 4 long 


-mécaniques ni 


terme plus élevée que ceux a oeillets, les 
plaques employées étant jointes au feu 
en un bloc solide. Ce genre de construc- 
tion ne nécessite, au demeurant, ni joints 
feuilles de métal de 
jonction. 
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TUBE REPARTITEUR A ACTION 
RAPIDE 
(Illustration a& la page 371) 
Mullard Ltd, Mullard House, Torrington Place, 
London W.C.1 

La Société Mullard Ltd vient d’annon- 
cer la réalisation d’un tube répartiteur 
décimal 4 ‘ trochotron’. Ce tube a action 
rapide, Type ET 51, peut étre employé 
comme compteur ou sélecteur a des 
vitesses allant jusqu’A 1 MHz. 

Il est commuté par un signal négatif 
et il fournit une sortie de courant cons- 
tant de 5,5 mA, permettant de com- 
mander un indicateur décimal 4 cathode 
froide (tel que le ‘ Mullard Z503M’) et 
répondant aux conditions d’entrée d’indi- 
cateurs arithmétiques a lecture directe. 

Le ‘trochotron’ est un dispositif a 
vide, utilisant des champs électriques et 
magnétiques croisés, afin de former un 
faisceau d’électrons entre une cathode 
thermionique et l’un des dix groupes de 
trois électrodes montées en étoile autour 
de la cathode. Le champ électrique est 
assuré par les potentiels entre électrodes 
a Vlintérieur du tube, le champ ma- 
gnétique étant fourni par un aimant per- 
manent cylindrique monté extérieurement 
autour de l’enveloppe de verre. 

Chaque groupe d’électrodes comprend 
une cosse qui forme et fixe a la fois le 
faisceau en place, une anticathode qui le 
rend utilisable comme sortie de courant 
constant et une grille pour le commuter 
d’une cosse 4 la suivante. Lorsqu’on 
applique la tension au début, toutes les 
cosses sont également positives par rap- 
port a la cathode et, en raison de I’action 
du champ magnétique qui empéche les 
électrons de parvenir aux groupes d’élec- 
trodes, le tube sera a l'état ‘ déconnecté’ 
sans qu'il y ait formation de faisceau. 
Si l’on réduit, cependant, le potentiel de 
n’importe laquelle des cosses, au moyen 
d’une impulsion a action rapide ou d’une 
tension en continu, le faisceau se formera 
sur le groupe d’électrodes se rattachant 
a cette cosse et une sortie apparaitra sur 
l’anticathode correspondante. 

Une fois formé, le faisceau est main- 
tenu dans cette position en alliant la 
résistance de série des cosses au courant 
de ces derniéres, jusqu’a ce qu'il soit 
avancé a la position suivante en réduisant 
la tension sur la grille de commutation 
correspondante. 

Etant donné que seule la grille la plus 
rapprochée affecte le faisceau, les grilles 
sont reliées intérieurement en deux 
groupes, soit les grilles paires en un 
groupe et les grilles impaires en un autre. 
Ceci permet d’utiliser une entrée de 
courant continu pour la commutation, 
tout en obtenant une avance point par 
point, en évitant ainsi le recours 4 une 
impulsion de largeur critique. 

La caractéristique de sortie du ‘ trocho- 
tron’ est similaire a celle d’une lampe 
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de penthode et dans le cas du tube Type 
ET 51, plus du 80% du courant de 
faisceau se trouve dans la sortie, le reste 
étant utilisé pour former et fixer le 
faisceau. 


EE 10 762 pour plus amples renseignements 


MACHINE A BOBINER 
ENTIEREMENT AUTOMATIQUE 
Distribuée par: R. H. Cole (Overseas) Ltd, 

2 Caxton Street, London S.W.1 
Une nouvelle machine a bobiner, a 

fonctionnement entitrement automatique 
et ne nécessitant pas les services d’un 
opérateur, vient d’étre mise sur le marché 
par la Société W. Aumann A.G., Alle- 
magne. 

Cette bobineuse se compose d’un 
plateau tournant auquel est fixé le guide 
de fil métallique et d’une table a diviser 
portant les gabarits de bobines. Le 
bobinage précis en couches s’effectue en 
contrélant le mouvement du plateau, qui 
peut étre maintenu pendant I'enroule- 
ment de la bobine entiére sans qu'il y ait 
besoin d'interfoliage de papier. Les 
filitres peuvent étre transmises auto- 
matiquement aux gabarits et rejetées 
aprés bobinage. Par contre, les bobines 
non soutenues, telles que les bobines de 
champ, peuvent étre bobinées sur gabarit 
et maintenues sur la machine aprés 
enroulement, toutes les manoeuvres 
étant enti¢rement automatiques. II est 
également possible de réaliser des boucles 
de fils pour branchements, de bobiner sur 
le méme poste deux ou trois bobines 
reliées entre elles et pouvant avoir 
différents nombres de tours, ou d’enrouler 
plusieurs bobines sur le méme gabarit, 
comme ce serait le cas pour des bobines 
haute fréquence de téléviseurs. On peut 
bobiner les primaires et secondaires de 
transformateurs basse tension en em- 
ployant deux tétes de bobinage ayant la 
méme table de division. La machine est 
pleinement ajustable aux divers types de 
bobines, calibres de fils, etc. et, tout en 
étant des plus économiques pour la pro- 
duction en masse, elle peut étre adaptée 
a de multiples usages. 

La vitesse de bobinage maximum est 
de 300 tours-minute. Les calibres de fils 
vont de la jauge normale 18 a 45, et les 
dimensions maxima des bobines sont de 


30 mm de long et 203 mm de diamétre. 
La bobineuse est habituellement dotée de 
six postes de fonctionnement mais on 
peut porter ce nombre a douze, sur 
demande. 

Il existe également un modéle semi- 
automatique. Dans ce cas, l’opérateur 
contréle les divisions de la table et enléve 
les bobines terminées des gabarits 
d’enroulement, cependant qu’un dispositif 
séquentiel permet de travailler sur les 
bobines au cours du bobinage. 

EE 10 763 pour plus amples renseignements 


MOTEURS DE TORSION 
(Illustration a la page 371) 


Woden Transformer Co. Ltd, Moxley Road, 
Bilston, Staffordshire 


Ces éléments, dont la désignation 
exacte serait celle de transducteurs élec- 
tromagnétiques, consistent en un syst¢me 
4 aimants permanents, incorporant un 
induit qui est actionné par le passage du 
courant a4 travers les enroulements de 
commande. L'effet peut étre différentiel 
ou non, selon les connexions des 
bobines. Dans un syst¢me a extrémité 
unique, ies transducteurs peuvent étre 
actionnés en fonction d’un ressort de 
régime. On peut obtenir le degré voulu 
de rigidité magnétique ou électrique, 
nécessaire &4 n‘importe quelle application. 

Des enroulements 4 réaction ou des 
potentiométres peuvent étre incorporés 
Aa ces transducteurs. Ces derniers peu- 
vent €étre utilisés entitrement plongés 
dans I’huile ou munis de joints d’étan- 
chéité afin d’empécher I’entrée de fluides 
synthétiques pouvant avoir un_ effet 
nuisible sur le fonctionnement. 

Lorsqu’on convertit des signaux élec- 
triques en énergie mécanique, la sen- 
sibilité de ces éléments est telle que quel- 
ques milliampéres de courant différentiel 
suffisent 4 commander de grandes quan- 
tités de sortie de torsion d’autres 
appareils. 

La construction particulitre de ces 
transducteurs permet d’obtenir un fonc- 
tionnement linéaire et un taux rapide de 
réponse dans des servo-boucles de type 
courant. Ils conviennent aux transis- 
tors, ainsi qu’aux systémes électroniques 
et A amplification magnétique et_ ils 
peuvent étre fournis complets avec tubes 


hydrauliques ou pneumatiques. Enfin, 
ils sont livrables en diverses grandeurs, 
le mouvement angulaire tant toujours 
a environ 7° de chaque cdoté du centre 
naturel. 

EE 10 764 pour plus amples renseignements 


CONDENSATEURS A ANODES DE 
TANTALE 


(Illustration a la page 37]) 


The Telegraph Condenser Co. Ltd, North Acton, 
London W.3 


Cette nouvelle série de condensateurs 
& anodes de tantale a une gamme de 
températures de service allant de —55°C 
& +125°C. Les condensateurs utilisant 
les anodes a feuilles de tantale ont de 
multiples avantages par rapport aux 
modéles classiques, dont, en particulier, 
une haute valeur capacitive pour leurs 
dimensions réduites. 

En raison de l‘inertie propre du tantale 
et de son inoxydabilité, la sécurité du 
fonctionnement et le vieillissement au 
repos de ces condensateurs sont nette- 
ment supérieurs 4 ceux des condensateurs 
courants a anodes d’aluminium, de sorte 
qu’un traitement préalable de stabilisa- 
tion n’est pas nécessaire aprés de longues 
périodes de repos. 

Le courant de fuite est stable et trés 
bas. On peut donc employer ces com- 
posantes avec confiance dans certains 
circuits de minutage. 

L’élément a feuilles de tantale enroulées 
est renfermé dans un tube métallique 
dont les extrémités sont scellées a la 
résine d’époxie qui a d’étroites affinités 
avec le tube métallique ainsi qu’avec la 
terminaison de fil axial. La polarisation 
est indiquée ot il y a lieu par des croix 
appropriées autour de I’extrémité positive 
du tube. Tous les condensateurs non- 
polarisés sont dotés d'un manchon de 
protection, tandis que pour les con- 
densateurs polarisés les manchons sont 
facultatifs. 

Les terminaisons sont en fil de nickel 
étamé de jauge normale 22. 

Ces condensateurs sont livrables pour 
une, série de tensions de service allant 
de 6 & 150 volts et des valeurs capaci- 
tives allant de 0,25 uF aux tensions 
élevées 2 200 uF aux tensions basses. 

EE 10 765 pour plus amples renseignements 





Résumés des Principaux Articles 


Un générateur d’ondes sinusoidales 4 périodes horaires 


par G. Klein et J. M. den Hertog 


On peut obtenir une tension triangulaire déterminée a partir d°une tension sinusotdale, au moyen 
d’un générateur a fonction inverse. En appliquant une réaction négative, on peut également renverser ce 


processus. 


Résumé de I’ article 
aux pages 320 d 325 


considérablement étendues. 
qu il ne s’y produit pas de phénoménes transitoires. 


Cette possibilité a été mise en pratique dans un générateur d’ondes sinusoidales a trés 
basse fréquence pour des périodes maxima de 3,5 heures. La distorsion est alors d’une petitesse 
insignifiante. Si, par contre, une légére distorsion est admissible, ces périodes peuvent étre 
Une des principales particularités de ce générateur réside dans le fait 
On peut aussi utiliser ce générateur a fonction 


inverse pour divers autres usages, dont celui de voltmétre a variations logarithmiques, ayant .une 
gamme d’environ 10 mV a quelques dizaines de volts. 


Tragage automatique pour machines d’oxy-coupage 


par J. S. Cheverton 


L’appareil décrit dans cet article a été réalisé afin d’éviter de devoir guider les machines d’oxy- 


Résumé de l'article 
aux pages 326 d 329 


coupage @ la main ou d’avoir recours @ de coiiteux gabarits métalliques. 
en une 1téte de sondage optique faisant partie d’un servo-systéme a circuit fermé, grace auquel les 
découpages les plus compliqués peuvent étre effectués en suivant un dessin de lignes simples. L’appareil 


Jl consiste essentiellement 


peut étre fixé a des machines d’oxy-coupage déja en service. 
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Un traceur de courbes caractéristiques de transistors par J. F. Young 


Un Dékatron est utilisé pour produire une tension point par point qui contréle le courant de base 
du transistor en cours d’essai. A chaque point, une tension demi-sinusoidale est appliquée au 
Résumé de I’article transistor et le courant collecteur qui en résulte est tracé en courbe en fonction de la tension sur un 
aux pages 330 d 336 _— oscilloscope extérieur. Une résistance série fournit le signal du courant et limite la dissipation du 
transistor. Cet appareil peut étre employé également pour tracer les courbes caractéristiques de 

diodes courantes ou de diodes Zéner. 


Un systéme de télémesure électroencéphalographique miniature par D. C. Gold et W. J. Perkins 


Les auteurs décrivent un systéme permettant l’enregistrement de l’activité électrique du cerveau 
wre d’un chat normal et libre de ses mouvements. La tension captée par une électrode fixée dans le crane 

Résumé de I’ article a9 : . 
aux pages 337 d 339 est amplifiée sufficamment pour pouvoir moduler un émetteur que le chat porte sur son dos. Les 
émissions recues sont transmises @ un appareil a écran cathodique ou a un enregistreur a bande 


magnétique. 


Un systéme enregistreur multivoies C.C. par'H. D. Scott. 


Un systéme multivoies a4 modulation d’amplitude a été congu afin de permettre l’enregistrement sur 
bande magnétique de signaux électriques dans la gamme C.C. a@ 10 Hz, inclusivement. Un 
Récumé de ferticle magnétophone portatif ordinaire, a piste unique, peut recevoir jusqu’a douze signaux de données 
aux pages 340 d 344 indépendants, une voie vocale et des signaux de minutage. Ce systéme comporte des circuits spéciaux 
pouvant éliminer efficacement les fluctuations parasites d’amplitude provoquées par l’appareil 
enregistreur. Il est, en outre, linéaire jusqu’a un degré de précision de +1% d’amplitude de signal 

instantané maximum. 


Le modulateur en tant que détecteur de phases par W. Fraser 


Des erreurs peuvent se produire dans les indications d’un modulateur de redresseur lorsqu’il est 

utilisé comme détecteur de phases, si la tension de commutation n’est pas beaucoup plus élevée que 

Résumé de I’article le signal. L’ auteur examine les variations et ’importance de ces différences en fonction du rapport des 
aux pages 345 d 346 tensions d’entrée dans le cas d’un modulateur shunt sans transformateur. Il montre qu'un rapport de 
plus de 7 : 1 est nécessaire si l'on veut réduire l’erreur 4 moins de 1%. Pour terminer, il donne des 


détails de quelques essais expérimentaux. 


L’étude de générateurs de fonctions de diodes polarisées par C, C. Ritchie et R. W. Young 


Les auteurs examinent I’ étude de générateurs de fonctions de diodes polarisées en s’étayant sur des 

Résumé de l'article | équations se rapportant au nombre de sections de diodes, au minimum d’erreur pouvant se produire 

aux pages 347 d 351 ainsi qu’a l’espacement des sections de diodes exigé pour assurer ce minimum d’ erreur. Ils décrivent 
en détail la construction d’un générateur de fonctions sinusoidales appliquant ces principes. 


Un simple circuit sélecteur de maxima par J. N. Shearme 


L’auteur décrit une méthode simple pour sélectionner la tension maximum d’une série de tensions 

Résumé de I’article et indiquer, sous forme analogique, sa position dans cette série. Cette méthode a été appliquée au 

aux pages 3534354 —_ repérage des “formants” ou zones d’énergie maximum d’un signal de parole, au cours d’un procédé 
de réduction de largeur de bande. 


La construction d’amplificateurs équilibrés employant des composantes 4 tolérances commerciales par D. J. Dewhurst 


Quoiqu’on ait fait la réclame de nombreux circuits qui sont censés obvier a l'utilisation des 
composantes a tolérances commerciales dans les amplificateurs équilibrés, on constate, en général, 
Résumé de l'article que les meilleurs résultats sont obtenus par l’emploi de composantes en paires s’accordant avec 
aux pages 3554357 _—précision. Cet article analyse un circuit employant des composantes ne s’accordant pas. Cette 
analyse explique le comportement observé et permet I’étude d’un amplificateur pour lequel les 

tolérances des composantes peuvent étre spécifiées. 


Matériaux de noyaux magnétiques pour fonctions logiques. par A. L. Freedman. 


L’ auteur explique le principe général d’un méthode pour I’exécution de fonctions logiques par 

Résumé de l'article —_‘|’emploi de matrices de noyaux magnétiques ayant une boucle d’hystérésis carrée. Il décrit, ensuite, 

aux pages 358 a 361 quelques applications de cette méthode et poursuit par un apergu de son champ d’utilisations, dont il 
souligne les avantages et les limites. 


Un compte-temps électronique 4 réglage par contréle de tension par R. Gladstone 


Cet appareil, dont le principe serait nouveau, s’inspire dans sa réalisation du circuit a charge 
cathodique de fluage ou circuit d’amplification a contre réaction. Il se différencie, cependant, par le 
fait qu’il fournit une commande de puissance 4 la grille, afin d’assurer un taux de changement constant, 

Résumé de l'article mais facilement réglable, sur toute la gamme de contréle de la grille de fonctionnement du tube. La 
aux pages 362 d 363 _— direction du changement peut étre positive ou négative et on peut en modifier le taux de changement, 
dans une mesure trés étendue, soit au moyen de n’importe lequel des deux paramétres de circuits 
linéaires variables indépendants, soit par un troisiéme paramétre, pouvant effectuer un changement 

de plots, soit, enfin, dans une moindre mesure, par un quatriéme paramétre. 
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Beschreibungen neuer Bauelemente, Zubehdrteile und Priifgerite auf Grund der von Herstellern 


POTENTIOMETER MIT 
HOHLSPINDEL 


(Abbildung Seite 368) 
The Plessey Co. Ltd, Ilford, Essex 


Als Resultat neuer Konstruktionsiiber- 
legungen hat die Plessey Company die 
Fertigung einer dreieckigen Potentio- 
meterspindel begonnen, die aus Messing- 
band hergestellt ist. 

Die Spindelkonstruktion macht die 
Bearbeitung fiir besondere Flichen oder 
Knopfbefestigung unnétig. Alle Lage- 
und Befestigungsanordnungen werden 
durch Biegen und Verformen der Mes- 
singhohlspindel erzielt, die auch einen 
Polystyrolring aufnimmt, der seinerseits 
den Schleifarm tragt. Im Polystyrolring 
sind auch Anschlaige und der Ansatz fiir 
die Schalterbetitigung vorgesehen. 

Ein weiterer Vorteil der neuen Aus- 
fiihrung liegt in der Befestigung des 
Bedienungsknopfes. Im Knopf wird ein 
einfaches, dreieckiges Loch vorgesehen, 
das etwas kleiner als die Spindel ist und 
einen festen Sitz in drei wahlweisen Stel- 
lungen ermdglicht. Die herkémmlichen 
Befestigungsarten kénnen natiirlich auch 
Anwendung finden. Die der Spindel 
innewohnende __ Fedrigkeit + —-verhindert 
Uberdrehungsbelastung. 

Die Riickplatte und Buchse sind aus 
Zinklegierung in einem Stiick gespritzt. 
Das macht sie steifer, und sie halten ihre 
vorgeschriebene Lage besser ein. Durch 
die Verwendung von Polystyrol ist der 
Isolierwiderstand des Potentiometers aus- 
serordentlich hoch. 
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ULTRA-NF-GEBER 
(Abbildung Seite 368) 
Servo Consultan‘s Ltd, 17, Woodfield Road, 
London W.9 
Der neue Geber wurde als Prizisions- 
Laborgerat fiir Entwicklung und Priifung 
von Reglerstrecken und automatischen 
Maschinen konstruiert. Einfache und 
widerstandsfahige Bauart zusammen mit 
Stabilitaét der Wellenform, Amplitude und 
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gemachten Angaben. 


Frequenzeichung kennzeichnen die Kon- 
struktion, die auch vollstindig frei von 
Einschwingvorgangen bei Frequenzinde- 
rung, Anlaufen und Halten ist. 

Der Hauptteil des Gebers ist das Kraft- 
stellglied, das mit einer sorgfiltig stabili- 
sierten Winkelgeschwindigkeit ,, lauft. 
Solch ein Stellglied kann als regelbarer 
Umspanner betrachtet werden, in dem das 
Wicklungsverhialtnis fiir jeden Zeitpunkt 
proportional zum Sinus des Winkels 
zwischen der feststehenden Wicklung und 
dem einstellenden Rotor ist, d.h. zu mt. 
Dem Stator wird ein Triagersignal gleich- 
bleibender Amplitude zugefiihrt, dessen 
Frequenz ©. = 27 2400 rad/sec ist, die 
als 

A Sin @ct 
dargestellt werden kann. 


Die Rotorabgabe ist dann proportional 
zur Netzspannung multipliziert mit dem 
Wicklungsverhiiltnis: 


A SiN Wet . SIN Omt 


Dieses Signal wird dann mittels eines 
phasenempfindlichen Detektors  gleich- 
gerichtet und dadurch der Triageranteil 
des Signals entfernt. Das Signal wird 
dann iiber ein Déampfungsglied einem 
Katodenverstirker zugefiihrt, der ein 
Ausgangssignal geringer Ursprungsimpe- 
danz liefert. Das Stellglied wird iiber ein 
Getriebe mit zwei wahlweisen Geschwin- 
digkeiten mittels eines Servo-Motors und 
Servo-Amplifiers mit hoher Verstarkung 
angetrieben. Die Geberabgabe wird als 
Geschwindigkeits - Riickkopplung dem 
Verstirkereingang zugeleitet, wo sie mit 
einem Geschwindigkeits - Eingangssignal 
verglichen wird, das von einem elek- 
tronisch stabilisierten Netzgerit mittels 
einer Reihe hochstabiler Priazisionswider- 
stinde erzeugt wird. Durch den hohen 
Verstirkungsgrad lauft der Motor weitge- 
hend mit einer der gewahlten Spannung 
entsprechenden Geschwindigkeit. Die 
Amplitude des Ausgangssignales hingt in 
keiner Weise von der erzeugten Signal- 
frequenz ab, sondern nur von der 
Eingangs-Tragerfrequenz und dem Wick- 
lungsverhaltnis des Umspanners. Der 
Traiger wird von einem. stabilisierten 
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(Ubersetzung der Seiten 368 bis 371) 


Oszillator geliefert und wird auch durch 
ein Messgerit auf der Vorderseite des 
Gerites angezeigt. 

Der Generator kann an jedem Punkt 
der Ausgangs-Wellenform angehalten 
werden. Er wird von jeder vorgewahlten 
Stellung aus anlaufen, ohne dass Ein- 
schaltvorginge auftreten. Das Anlaufen 
und Halten ist fast momentan, da der 
Servo-Motor eine sehr grosse Beschleuni- 
gung hat und schnell bremsen kann. 

Der Geber kann eine mechanische 
Leistung iiber einen Drehschaft abgeben, 
dessen Geschwindigkeit 1 Umdrehung/ 
Periode ist. Er kann daher als Prazisions- 
antrieb mit variabler Geschwindigkeit fiir 
Labor-Versuche Verwendung finden. 

Das Gerit ist in zwei Modellen lie- 
ferbar: als Modell 110 mit einem Fre- 
quenzbereich von 0,001 Hz bis zu 100 Hz 
und als Modell J11 mit einem Frequenz- 
bereich von 0,0001 Hz bis zu 10 Hz. 
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MINIATUR-WECHSELSTROM- 
ZERHACKER-RELAIS 
(Abbildung Seite 368) 

Ericsson Telephone Ltd, B Nottingh 

Dieses Miniatur-Zerhacker-Relais ist 
nach denselben Konstruktionsgrundsatzen 
wie das polarisierte ETL-Relais gebaut. 
Es vereint ungewohnlich hohe Leistung 
mit hoher Stabilitat der Justierung. 

Durch die Gesamtanordnung ist die 
Neigung zur elektromagnetischen Kopp- 
lung zwischen den Kontakten und dem 
magnetischen Steuerfluss gering, und es 
ist auch médglich, geometrisch und 
gewichtsmissig ausbalanzierte Anker- 
anordnungen zu verwenden. Diese Anord- 
nungen arbeiten mit Drehfedern und 
vermeiden deshalb die mit Drehachsen 
verbundenen Schwierigkeiten. 

Zwei Umschaltkontakte sind vorge- 
sehen, die elektrisch von einander isoliert 
sind. Die Kontaktausgaben fiir beide 
Federsatze kénnen entweder fiir ,,Schlies- 
sen vor Offnen“ oder ,,Offnen vor 
Schliessen“ geliefert werden. Besonders 
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entwickelte Federdimpfungen, die den 
Federungswiderstand iiber den ganzen 
Ankerhub regulieren, ermédglichen ge- 
naues Arbeiten der Kontaktpaare und 
symmetrische Kontaktabgaben ohne 
Prallen. 

Der Zerhacker ist mit mehreren Ein- 
stellungen und verschiedenen Kontakt- 
giiten lieferbar. Die gemeinsamen Merk- 
male sind: 1. Grésse und Befestigungs- 
mittellinien, 2. ein oder zwei Umschalt- 
kontakte, 3. besondere 12-Stift-Einsteck- 
sockel oder Létfahnenbasis, 4. staubdichte 
Schutzhaube und 5. abnehmbare Dich- 
tung. 

Diese Zerhacker kénnen im _ allge- 
meinen in allen Anordnungen eingesetzt 
werden, in denen Spannungssignale 
kleinster Leistung umgewandelt werden. 
Die Relais sind besonders fiir Anord- 
nungen mit Fehlerspannungsmessungen 
und Nuilpunktanzeige geeignet, sowie fiir 
Verstirker in Rechnern, elektronischen 
oder elektrischen Geriten, Servosystemen 
usw., bei denen es sich um Umwandiung 
kleinster Gleichstromsignale in Gleich- 
strom- oder Wechselstromsignale handelt. 

Die Arbeitsfrequenz ist 50 Hz, aber 
Zerhacker fiir andere Frequenzen kénnen 
als Sonderausfiihrungen bestellt werden. 
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ANALOGRECHNER 
(Abbildung Seite 369) 
Airmec Ltd, High Wycombe, Buckinghamshire 

Die Anlage besteht im wesentlichen 
aus zwei Netzgeriten, die alle erforder- 
lichen Spannungen fiir die gesamte Rech- 
neranlage liefern, die bis zu je zehn 
Rechnerverstarker und Driftkorrekturver- 
starker umfassen kann. 

Eine ins Auge springende Charakteristik 
der Anlage ist ein Rechnerteil, der mit 
den Verstirkern zusammenarbeitet. Es 
ist ein Grundgerat, zu dem der Benutzer 
Potentiometer, Relais und Gegenkopp- 
lungselemente hinzufiigt, deren Genauig- 
keit, Toleranzen und Kosten von der 
Lésungsgenauigkeit abhingen, die fiir die 
jeweilige Aufgabe erforderlich ist. Die 
Fingangs- und Ausgangsspannungen der 
Verstarker, die Relaisspeisung und die 
Maschinen - Einheitsspannungen werden 
alle mit diesem Rechnerteil durch zwei 
Kabel iiber Mehrfachstecker verbunden 
(eine Maschinen-Einheit ist die maximale 
Ausgangsspannung eines Verstarkers und 
gleich +100 V). 

Mit dem Rechnerteil sind zwei Schalt- 
tafein verbunden. Eine der Tafeln hat 
Einsteckbuchsen fiir die Gegenkopplungs- 
elemente, die mit den Verstirkern ver- 
bunden sind. Die andere Schalttafel stellt 
Verbindungen zwischen Verstairkern und 
Potentiometern her und liefert auch die 
Spannungen fiir die Einstellung der 
Anfangsbedingungen fiir die Integratoren 
und die Maschinen-Einheitsspannungen. 
Auf dieser Tafel befindet sich ein Bedien- 
ungsschalter fiir ,,Verstarkerléschung“, 
»Einstellung der Anfangsbedingungen“ 
und ,,Rechnen“. Ein ,,Stillstand‘-Schalter 
erméglicht es, die Rechnungsvorgange zu 
jedem gewiinschten Zeitpunkt anzuhalten. 

Der ganze Teil ist so konstruiert, dass 
er von vorn an die Verstiarkertafel 
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anmontiert werden kann und leicht 
abnehmbar ist.. Dadurch kann eine 
Aufgabe vollstaindig eingerichtet werden, 
bevor der Teil fiir den Rechenvorgang in 
das Gestell eingebaut wird. 

Eine Bausteinkonstruktion wurde fiir 
die Entwicklung dieser Anlage gewahlt, 
um die Eingliederung einzelner Gerite in 
die bestehenden Einrichtungen zu erleich- 
tern, oder durch Zusatz eines Gehiause- 
und Verstarkergestelles eine vollstandige 
Rechneranlage herzustellen. Diese Anlage 
kann erweitert werden, um den an- 
spruchsvollsten Rechnerbediirfnissen zu 
entsprechen, wodurch die Kosten immer 
im Verhiltnis zur gewiinschten Loésungs- 
genauigkeit gehalten werden k6nnen. 
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DRAHTWIDERSTANDE 


(Abbildung Seite 369) 


Dubilier Condenser Co. (1925) Ltd, Ducon 
Works, Victoria Road, North Acton, London W.3 


Mit der Einfiihrung der neuen PW-5, 
PW-7 und PW-10 MHochtemperatur- 
Drahtwiderstiande hat Dubilier die 
Auswahl der Hochleistungswiderstande 
erweitert. 

Jeder Widerstand besteht aus einem 
Draht, der fest und mit gleichmissigem 
Abstand auf einem mit Silicon behandel- 
ten Glasfaserkérper gewickelt ist. Das 
Widerstandselement wird in automati- 
schen Einrichtungen mit verzinnten 
Anschliissen versehen und dann in einen 
keramischen Behiiter mit rechteckigem 
Querschnitt mittels besonderer Binde- 
mittel eingesiegelt, die an dem _ kera- 
mischen Behilter, dem Widerstandsele- 
ment und den Anschliissen mechanisch 
haften. 

Die Widerstinde sind in Werten von 
0.5 Ohm bis zu 10 kOhm mit einer 
Nenntoleranz von +10% lieferbar. Nach 
100 Stunden in einer Umgebungstempera- 
tur von 40°C und 95% relativer 
Feuchtigkeit betrigt die Widerstands- 
anderung weniger als 5% und fiir drei- 
fache Nennbelastung fiir 5 Sekunden 
weniger als 2%. Der héchste Tempera- 
turkoeffizient im Bereich von —55° C bis 
+275° © ist in der Gréssenordnung von 
0,0395/° C. 
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ZEITINTERVALLMESSER 
(Abbildung Seite 369) 


General Radiological Ltd, 18, New Cavendish 
Street, London W.1 


Dieser Zeitmesser wurde urspriinglich 
fiir die Steuerung des langsamen Unter- 
setzers Modell NE 075 entwickelt, kann 
aber auch zur Steuerung jedes Vorganges 
eingesetzt werden, der entweder durch 
einen kurzen  Exponentialpuls oder 
Betitigung eines | Umschaltkontaktes 
eingeleitet und durch einen zweiten 
Impuls oder Riickfiihrung des Umschalt- 
kontaktes beendigt werden kann. 

Ein hermetisch abgeschlossener elektro- 
mechanischer Taktgeber  leitet vier 
Impulse per Sekunde einem vierfachen 
Untersetzer zu, der einen Impuls per 
Sekunde abgibt. 
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Der Taktgeber léuft mit dem Ein- 
schalten des Gerites automatisch an und 
ist fiir Temperaturen von —10°C bis 
+50° C kompensiert. 

Die Impulse betiatigen einen elektro- 
mechanischen Zahler, der fiir jeden 
Impuls eine Ziffer von der eingestellten 
Zeitangabe abzieht. Nach Ablauf des 
Sollzeitintervalles werden die Umschalt- 
kontakte betitigt, und das Gerdt bleibt 
im betriebsfertigen Zustand. 

Das Zahlen beginnt wieder, wenn die 
Aussenverbindungen zwischen den Ein- 
schaltklemmen noch bestehen und ein 
Riickstellsignal zugeleitet wird. Falls die 
Aussenverbindungen nicht mehr bestehen, 
muss ein Riickstellsignal und ein Ein- 
schaltsignal gegeben werden. 

Ausser dem ,,Abziehzahler“ kann ein 
zusatzlicher ,,Addierzadhler“ eingebaut 
werden, um die verstrichene Zeit anzu- 
zeigen. 

Das Geriit kann von der Vorderseite 
durch Handschalter bedient oder auch 
ferngesteuert werden. 
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BRUCKEN-ANZEIGEGERAT 
(Abbildung Seite 369) 


Rivlin Instruments L‘d, Doman Road, 
Yorktown Industrial Estate, Camberley, Surrey 


Das RIL-Briicken-Anzeigegerit wurde 
als moderner Ersatz fiir das klassische 
Galvanometer entwickelt. 

Hohe Empfindlichkeit, hurze An- 
sprechzeit und vollstandiger Messgerat- 
schutz ergeben ein Gerit, das fiir gelernte 
und ungelernte Arbeitskrifte geeignet ist. 

Mit seinen eingebauten Batterien fiir 
die Erregung der Briickenschaltung ist 
das Gerit unabhingez. Die Batterien und 
die Eingangskreise des Anzeigers sind 
sorgfiltig isoliert, um durch Nebenschluss 
zur Erde bedingte Messfehler zu_ver- 
meiden. 

In Betrieb ist der Anzeiger direkt an 
die Briicke angeschlossen, und die Batterie 
wird durch einen Handschalter kontrol- 
liert. 

Das Gerit besteht grundsatzlich aus 
einem Zerhacker-Gleichstromverstirker, 
dessen Ausgang in einen phasenemp- 
findlichen Anzeiger gegeben wird. Der 
Messer kann nicht beschidigt werden, 
da Uberlastungsschutz dieser Schaltung 
eigentiimlich ist. Um die Wechselstrom- 
Streuaufnahme von der Briicke zu ver- 
mindern, ist ein 50 Hz-Filter eingebaut. 
Irgendwelche restliche Gréssen k6énnen 
im Nullverfahren annuliert werden. 
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ELEKTRONISCHES THERMOMETER 
(Abbildung Seite 370) 
Wayne Kerr Laboratories Ltd, Chessington, Surrey 
Das Thermometer wurde urspriinglich 
fiir die Messung exothermischer Tempera- 
turanstiege in gegossenen Harzen ent- 
wickelt und ‘ist besonders fiir Messungen 
der Temperatur von Bauelementen, von 
iiberhitzten Geriiten und von Warmever- 
lusten in Ké6rpern oder Fliissigkeiten 
geeignet. 
Mit dem Thermometer kénnen Tem- 
peraturmessungen am Ende langer Kabel 
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vorgenommen werden. Ein Prototypgerit, 
das nunmehr fiir geologische Messungen 
verwandt wird, erméglicht den Einsatz 
des Temperaturfiihlers 305 m unter der 
Erdoberfliche. Der Fiihler enthalt eine 
temperaturempfindliche Metalloxydkugel 
und wird iiber eine hermetisch abgedich- 
tete Zuleitung an eine empfindliche 
Gleichstrom - Briickenschaltung ange- 
schlossen. Der Fiihler hat eine kleine 
Warmekapazitaét und dadurch eine prak- 
tisch momentane Temperaturanzeige. 

Die fiir die Fiihler erforderliche Energie 
ist so gering, dass der Fehler, der durch 
die Selbsterwiirmung der Kugel wahrend 
der Messung hervorgerufen wird, vernach- 
lissigt werden kann. 

Der Fiihler ist in zwei Typen lieferbar: 
1. als Tauchfiihler fiir Fliissigkeiten und 
Gase, mit einem mit Glas versiegelten 
Kopf und einem Fiihlerkérper aus 
Epoxydharz, der Chemikalien widersteht 
und abgedichtet in eine nyloniiberzogene 
Zuleitung iibergeht, und 2. als Kontakt- 
fiihler, in dem die Oxydkugel in den 
Epoxyd-Fiihlerkérper eingelassen ist und 
iiber ein diinnes Metalldeckblatt Warme- 
kontakt macht. 

Die kleine Metallmasse und die ausge- 
zeichneten wiarmeisolierenden Ejigen- 
schaften des Epoxyd-KG6rpers stellen eine 
schnelle Stabilisierung des Kontaktes 
sicher. Die Verwendung platinlegierter 
Zuleitungen fiir die elektrischen Kontakte 
der Kugel, die ein kleines Wiedemann- 
Franz Verhialtnis haben, trigt weiter zur 
Erhaltung der Wiarmeenergie bei. 
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STABILISIERTES NETZGERAT 


Applied Electronics, 3a, Chestnut Grove, New 
Malden, Surrey 


Das von Applied Electronics herge- 
stellte stabilisierte Netzgerit ,,Varicell“ 
ist eine stufenlos regelbare Spannungs- 
quelle mit geringer Brummspannung, die 
0-45 V bei 0,25 A abgibt. 

In der Schaltung folgt einem Briicken- 
gleichrichter ein Serienregler und eine 
parallelgeschaltete Reglerréhre. Trocken- 
batterien werden fiir Bezugsspannungen 
verwandt. Geringe Kosten, mechanische 
und elektrische Unempfindlichkeit und 
die Fihigkeit, zufilligen Uberlastungen 
zu widerstehen, sind die Vorteile dieser 
Anordnung. Mit diesen Eigenschaften ist 
das Gerit fiir den Gebrauch in Labors, 
Schulen usw besonders geeignet. 

Grob- und Feinabstimmung der Ein- 
stellung ist eingebaut, und die Ausgangs- 
spannung wird mit einem hochwertigen 
Spannungsmesser iiberwacht. Die Aus- 
gabe ist nicht geerdet, kann aber durch 
jeden der Pole geerdet werden. 
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WANDERFELDROGOHREN- 
VERSTARKER 
(Abbildung Seite 370) 
Marconi Instruments Ltd, Hertfordshire 
Zwei neue Wanderfeldréhren-Verstiarker 
sind jetzt lieferbar. Die Type TF 1278 
findet Anwendung von 1200 bis 1 400 
MHz und Type TF 1278/1 fiir den Bereich 
von 2 700 bis 3 500 MHz. Die niedrigen 
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Rauschzahlen, 8 dB bzw. 7 dB, sind 
Eigenschaften, die sie fiir Verwendung als 
geradlinige Vorverstirker in Mikrowellen- 
Nachrichten- und Radarempfingern be- 
sonders geeignet machen. Beide Typen 
haben eine regelbare Verstaérkung bis 
mindestens 20 dB bei einer maximalen 
Nennleistung von 1 mW. 

Von aussen zugeleitete schnelle Impuls- 
und Phasenmodulation kann angewandt 
werden und ermdiglicht den Einsatz der 
Gerite als Modulatorstufe in Mikro- 
wellenanlagen oder fiir Erzielung unver- 
zerrter modulierter Signale von Klystrons. 

Die Wendelspannung und die einzelnen 
Gitterspannungen sind im Gerat von vorn 
einste!lbar, um die Verstirkerreglung zu 
erleichtern und die Einstellung .anpas- 
sungsfahiger zu machen. Jede der Span- 
nungen kann auf dem_ Schalttafel- 
Vielfachmesser angezeigt werden, der 
auch fiir die Uberpriifung der Wendel- 
und Kollektorstréme umgeschaltet werden 
kann. Aussengeriite kénnen fiir die 
Verstirkungsreglung und als Monitor auf 
Wunsch eingesetzt werden. Koaxiale 
Kupplungen finden fiir die HF Ein- und 
Ausginge Verwendung. 

Die Wanderfeldréhre ist komplett mit 
Netzanschluss in ein Leichtmetallgehause 
mit Traggriffen eingebaut. Die Verwen- 
dung von Aluminiumfolie fiir das Fokus- 
siersolenoid halt das Gewicht niedrig und 
erleichtert das Auswechseln der Rohre. 
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VERSILBERTE 
GLIMMERK 0 NDENSATOREN 
Johnson, Matthey & Co. Ld, 73-83 Hatton 
Garden, London, E.C.1 

Johnson Matthey haben vor kurzem die 
Auswahl ihrer versilterten Glimmerkon- 
densatoren durch Einfiihrung der durch 
Phenoltauchen geschiitzten JMC Kon- 
densatoren erweitert. 

Die neuen Kondensatoren kénnen in 
einem Temperaturbereich von —60° bis 
+100° verwandt werden. Der schiitzende 
Tauchiiberzug besteht aus einem beson- 
deren Phenolmaterial,das nicht spréde und 
trotzdem mechanisch widerstandsfahig ist. 
Das Harz ist blau, und die Kondensator- 
oberflaiche ist klar und haltbar in weiss 
beschriftet. Die hervorragenden elektri- 
schen Eigenschaften der Johnson Matthey 
Kondensatoren sind auch hier vorhanden. 
Jeder der durch Phenoltauchen geschiitz- 
ten Kondensatoren ist einzeln justiert, so 
dass jeder gewiinschte Wert in der Reihe 
jeder Type lieferbar ist. Zwei Hauptserien 
kénnen geliefert werden: vernietet und 
zusammengeschmolzen. 

Die genieteten Kondensatoren werden 
aus durchlécherten Glimmerblattern mit 
zusammengesetzten Hohlnieten hergestellt, 
deren Konstruktion die Verwendung von 
Verbindungsfolien zwischen Blattern 
unnétig macht. Die zusammengeschmol- 
zenen Kondensatoren haben eine héhere 
langfristige Stabilitiit als die genieteten, 
da die Blatter in einen festen Block 
zusammengeschmolzen werden, der keine 
mechanischen Verbindungen oder Verbin- 
dungsfolien aufweist. 
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SCHNELLZAHLROHRE 
(Abbildung Seite 371) 


Mullard Lid, Mullard House, Torrington Place, 
London W.C.1 


Mullard Ltd hat die Einfiihrung einer 
Trochotron-Dekaden-Zahlréhre bekannt 
gegeben, die in Zahlern und Suchern mit 
Geschwindigkeiten bis zu 1 MHz Ver- 
wendung findet. 

Die als ET 51 bezeichnete Réhrentype 
wird mittels eines negativen Signales 
geschaltet und gibt einen gleichbleibenden 
Ausgangsstrom von 5,5 mA ab, der hoch 
genug ist, um einen Kaltkatoden-Dezi- 
malanzeiger wie z.B. Mullard Z 50 M zu 
steuern und auch die Eingabebedingungen 
eines direkt ablesbaren Ziffernanzeigers 
erfiillt. 

Das Trochotron ist ein Vakuuminstru- 
ment, das mittels kreuzender elektrischer 
und magnetischer Felder einen Elektro- 
nenstrahl zwischen einer gliihelektrischen 
Katode und einer der speichenférmig um 
die Katode angeordneten zehn Gruppen 
von je drei Elektroden hervorruft. Das 
elektrische Feld wird durch die Spannung 
zwischen den Elektroden in der Réhre 
erzeugt und das magnetische Feld durch 
einen zylindrischen Dauermagneten, der 
von aussen den Glaskérper umfasst. 

Jede Elektrodengruppe besteht aus 
einem .,Spaten“, der den Elektronenstrahl 
hervorruft und in der Stellung festhilt, 
sowie einer Auffangelektrode, die den 
Strahl als gleichbleibenden Ausgangsstrom 
abgibt, und einem Gitter, um den Strahl 
von einem Spaten zum _ nichsten zu 
schalten. Wenn die RGhre angeschlossen 
wird, sind alle Spaten in Bezug auf die 
Katode gleichmissig positiv, und da das 
magnetische Feld die Elektronen ver- 
hindern wird, die Elektrodengruppe zu 
erreichen, ist die R6hre gesperrt und kein 
Elektrodenstrahl entsteht. Wenn jedoch 
die Spannung an einem der Spaten durch 
einen schnellen Puls oder eine Gleich- 
stromspannung herabgesetzt wird, entsteht 
in der zugehérigen Elektrodengruppe 
dieses Spatens ein Elektronenstrahl und 
ein Ausgangsstrom wird von der entspre- 
chenden Auffangelektrode abgegeben. 

Sobald der Strahl hervorgerufen worden 
ist, wird er durch eine Kombination des 
Spaten-Serienwiderstandes und des Spa- 
tenstromes festgehalten, bis er durch 
Herabsetzung der Spannung am - zuge- 
hérigen Gitter zur niichsten Stellung 
geschaltet wird. 

Da nur das naheliegendste Gitter den 
Elektronenstrahl beeinflussen wird, sind 
die Gitter innerhalb der Réhre in zwei 
Gruppen verdrahtet: Gitter mit ungeraden 
Nummern in eine Gruppe und mit gera- 
den Nummern in die andere. Dadurch 
ist es méglich, mit einer Gleichstrom- 
eingabe zu schalten und trotzdem ein- 
schrittige Stellungswechsel zu erreichen, 
so dass Pulse mit kritischer Breite ver- 
mieden werden k6nnen. 

Die Ausgangskennlinien des Trocho- 
trons sind denen einer Pentode dhnlich, 
und in der ET 51 werden iiber 80% des 
Elektronenstrahlstromes durch den Aus- 
gang abgegeben. Der Rest wird fiir die 
Erzeugung und das Festhalten des Elek- 
tronenstrahles bendtigt. 
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VOLLAUTOMATISCHE 
SPULENWICKELMASCHINE 
Vertrieb: R. H. Cole (Overseas) Ltd, 2, Caxton 
Street, Westminster, London S.W.1 

Die deutsche Firma W. Aumann KG 
stellt jetzt eine neue vollautomatische 
Spulenwickelmaschine her, die keine 
Bedienung erfordert. 


Die Maschine besteht aus einer Plan- 
scheibe mit der Drahtfiihrung und einem 
Schalttisch mit den Spulenvorrichtungen. 
Die gesteuerte Bewegung der Planscheibe 
erzielt genaues Lagewickeln, das so gut 
wahrend des ganzen Wickelvorganges 
aufrecht erhalten werden kann, dass die 
Spule keine Papiereinlage bendtigt. 
Spulenkérper werden den Vorrichtungen 
automatisch zugefiihrt und nach Beendi- 
gung des Wickelvorganges automatisch 
ausgestossen. Andererseits kénnen frei- 
tragende Spulen, wie z.B. Feldspulen, auf 
Vorrichtungen gewickelt und nachher auf 
der Maschine abgebunden werden, wobei 
alle Arbeitsgiange vollstindig automatisch 
ablaufen. Drahtschleifen fiir Anzapfun- 
gen kénnen herausgefiihrt werden, und es 
ist auch méglich, auf einem Ladeplatz 
zwei oder drei zusammenhiangende 
Spulen zu _ wickeln, die verschiedene 
Windungszahlen haben. Die Maschine 
wickelt auch mehrere Spulen auf einem 
Spulenkérper, wie z.B. fiir HF Spulen 
fiir Fernsehgerite. Der Einsatz von zwei 
Drahtverlegevorrichtungen fiir denselben 
Schalttisch erméglicht das Wickeln von 
Primir- und Sekundarwicklungen fiir 
niederspannige Umformer. Die Maschine 
kann fiir die verschiedensten Spulentypen, 
Drahtstérken usw. eingestellt werden. 
Sie lauft am wirtschaftlichsten mit Mas- 
senproduktion, kann aber trotzdem fiir 
viele andere Aufgaben eingesetzt werden. 


Die héchste Drehzahl ist 3 000 U/min. 
Die Maschine wickelt Spulen bis zu 203 
mm Durchmesser und 30 mm Linge mit 
Drahtdurchmessern zwischen 0,07 mm 
und 1,22 mm. Sechs Ladepliatze sind in 
der Normalausfiihrung vorgesehen, bis zu 
zwolf Ladeplatze kénnen aber auf Bestel- 


lung als Sonderausfiihrung _ geliefert 
werden. 
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STELLMOTOREN 
(Abbildung Seite 371) 
Woden Transformers Co. Ltd, Moxley Road, 
Bilston, Staffordshire 

Die Gerite werden richtig als elektro- 
magnetische Umwandler bezeichnet und 
bestehen aus einer Dauermagnetan- 
ordnung mit einem Anker, der durch 
stromdurchflossene Steuerspulen bewegt 
wird. Es hingt von den Spulenverbin- 
dungen ab, ob die Wirkung differential 
oder anders erfolgt. In einer einseitigen 
Anordnung kann der Umwandler gegen 
eine konstante Feder wirken. Jeder 
gewiinschte magnetische oder elektrische 
Steifheitsgrad kann fiir besondere Ver- 
wendungszwecke erreicht werden. 

Riickkopplungsspulen oder Potentio- 
meter kénnen eingebaut werden. Der 
Umwandler kann vollstandig in 61 einge- 
taucht arbeiten, oder Oldichtungen 
kénnen geliefert werden, die das Ein- 
dringen synthetischer Fliissigkeiten ver- 
hindern, die auf die Wirkungsweise 
schidlich einwirken kénnten. 

Wo die Umwandlung _ elektrischer 
Signale in mechanische Energie erfor- 
derlich ist, kénnen durch die Appara- 
tempfindlichkeit wenige Méilliampere 
Differentialstrom grosse Drehleistungs- 
abgaben von anderen Geriaten steuern. 

Die Spezialkonstruktion erméglicht 
eine geradlinige Wirkungsweise und 
schnelles Ansprechen in iiblichen Regler- 
kreisen. Umwandler sind fiir Transistoren, 
elektronische und magnetische Verstar- 
keranordnungen lieferbar. Sie k6nnen 
mit angebauten hydraulischen oder 
pneumatischen Reglerorganen _ geliefert 
werden. 

Diese Apparate werden in verschie- 
denen Grdssen hergestellt, aber in allen 
Fallen ist die Winkelbewegung nach jeder 
Seite ungefahr 7° von der Mittelstellung. 
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KONDENSATOREN MIT 
TANTAL-ANODE 


(Abbildung Seite 371) 


The Telegraph Condenser Co. Ltd, North Acton, 
London W.3 


Die neuen Kondensatoren mit Tantal- 
Anoden haben einen Betriebstempera- 
turbereich von —55°C bis +125°C. 
Kondensatoren mit Tantal-Anoden haben 
eine Reihe von Vorteilen gegeniiber den 
iiblichen Typen, zu denen auch hohe 
Kapazititen fiir kleine/ Korpergréssen 
gehGren. 

Da Tantal inert ist und eine natiirliche 
Widerstandsfahigkeit gegen Korrosion hat, 
sind Betriebssicherheit und Lagerfahigkeit 
viel grésser, als fiir die iiblichen Konden- 
satoren mit Aluminium-Anode, und die 
vorbereitende Neuformierung nach langer 
Zeit ohne Benutzung ist unndtig. 

Der Reststrom ist sehr niedrig und 
bestindig, so dass die Bauelemente in 
gewissen Zeitschaltungen ohne Bedenken 
Verwendung finden kénnen. 

Das gewickelte Tantal-Folieelement 
liegt in einer Metallhiilse, deren, Enden 
mit Epoxyharz ausgegossen sind, das eine 
grosse Bindekraft zur Metallhiilse und 
auch zu den axialen Anschlussdrahten 
aufweist. Polarisation ist in angebrachten 
Fallen durch Kreuze um das positive 
Ende der Hiilse herum angezeigt. Alle 
nichtpolarisierten Kondensatoren werden 
mit einer Schutzhiille geliefert, die fiir 
polarisierte Typen wahlweise zur Verfiig- 
ung steht. 

Die Anschliisse bestehen aus verzinntem 
Nickeldraht mit einem Durchmesser von 
0,56 mm. 

Diese Kondensatoren kénnen fiir 
Arbeitsspannungen von 6-150 V geliefert 
werden, und der Kapazititsbereich geht 
von 0,25 uF fiir die héheren Spannungen 
bis zu 200 uF fiir die niedrigeren Span- 
nungen. 
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Zusammenfassung 
der wichtigsten Beitrage 


Ein Sinuswellengeber fiir stundenlange Perioden 


von G. Klein und J. M. den Hertog 


Mit Hilfe eines Umkehrfunktionsgebers ist es mdglich, von einer sinusformigen Spannung eine 
dreieckige abzuleiten. Durch Gegenkopplung kann das Umgekehrte erreicht werden. Ein Sinuswellen- 
geber fiir ultraniedrige Frequenzen mit einer maximalen Periode von 34 Stunden wurde unter Ausnut- 


Zusammenfassung des 
Beitrages auf Seite 320-325 


zung dieser Méglichkeiten entwickelt. Verzerrungen sind so niedrig, dass sie vernachlassigt werden 
kénnen. Wo geringe Verzerrungen zuldssig sind, kann die Periodendauer wesentlich erhéht werden. 
Die Abwesenheit kurzlebiger Vorgange ist ein wichtiges Kennzeichen dieses Gerdtes. Der Umkehr- 


funktionsgeber kann auch fiir verschiedene andere Zwecke eingesetzt werden. Eine dieser Anwendungs- 
moglichkeiten ist ein logarithmisches Voltmeter fiir Spannungen von ungefahr 10 mV bis iiber 10 V. 


Automatische Fiihrung fiir Brennschneidemaschinen 


von J. S. Cheverton 


Das in diesem Beitrag beschriebene Gerat wurde konstruiert, um die manuelle Fithrung der Brenn- 
schneidemaschine oder teuere Metallschablonen iiberfliissig zu machen. Im Wesentlichen desteht das 


Zusammenfassung des 
Beitrages auf Seite 326-329 


Gerdat aus einem optischen Fiihlerelement, das in der geschlossenen Schleife einer Servo-Anordnung 
liegt und geniigend Fiihrung von einer einfachen Strichzeichnung erhdlt, um komplizierte Formen zu 


schneiden. Das Gerat kann an vorhandene Brennschneidemaschinen angebaut werden. 
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Transistor-Kennlinienschreiber von J. F. Young 


Eine mit Hilfe eines Dekatrons erzeugte stufenférmige Spannung steuert den Basisstrom des zu 
messenden Transistors. Fiir jede Stufe wird eine halbsinusformige Spannung angelegt, und der dadurch 


Zesamumanfocneng des entstehende Kollektorstrom wird mit Hilfe eines Aussen-Oszillografen iiber der Spannung sichtbar 


Seitrages auf Seite 330-336 gemacht. Ein Serienwiderstand liefert das Stromsignal und begrenzt die Transistor-Verlustleistung. 
Die Kennlinien fiir gewéhnliche und Zener Dioden kénnen auch mit dem Gerdt aufgezeichnet werden. 
Miniatur Elektroencephalograf-Fernmesseinrichtung von D. C. Gold und W. J. Perkins 


Eine Fernmesseinrichtung fiir die Aufzeichnung der elektrischen Gehirntatigkeit einer frei und 
ungehindert sich bewegenden Katze wird beschrieben. Spannungen werden von einer im Schddel 


Zusammenfassung des befestigten Elektrode abgenommen und ausreichend verstarkt, um einen auf dem Riicken der Katze 


Bokrages anf Seite 537-339 getragenen Sender zu steuern. Die Sendungen werden empfangen und entweder einem Elektronenstrahl- 
Sichtanzeigegerdat oder einem Tonbandgerat zugeleitet. 
Mehrkanal-Gleichstrom-Aufzeichnungsanordnung von H. D. Scott 


Die Entwicklung einer amplitudenmodulierten Trdgerfrequenzanordnung erméglicht die Magnet- 

bandaufzeichnung elektrischer Signale iiber den Bereich von Gleichstrom bis einschliesslich 10 Hz. 

Zusammenfassung des_ = Bis zu 12 unabhdngige Informationssignale, ein Sprachkanal und Zeitzeichen kénnen mit einem 
Beitrages auf Seite 340-344 normalen, tragbaren, einspurigen Tonbandgerdt aufgezeichnet werden. Besondere Schaltungen 
wurden entwickelt, um die durch das Tonbandgerat hervorgerufenen Amplitudenschwankungen 

auszugleichen. Die Anlage ist innerhalb + 1% der momentanen Héchstsignalamplitude geradlinig. 


Der Modulator als Phasendetektor von W. Frazer 


Bei Verwendung eines Gleichrichter-Modulators als Phasenanzeiger treten Fehler auf, falls die 
Schaltspannung nicht viel grdsser ist als das Signal. Fiir diese Verhdltnisse wird die Anderung und 
Grosse dieser Unstimmigkeit fiir den Fall eines transformerlosen Parallelmodulators betrachtet. 
Es wird gezeigt, dass das Verhdltnis grésser als 7 : 1 sein muss, um den Fehler unter 1°% zu halten. 
Einzelheiten einiger Versuchspriifungen werden beschrieben. 


Zusammenfassung des 
Beitrages auf Seite 345-346 


Die Entwicklung von Dioden-Funktionsgebern mit Vorspannung von C. C. Ritchie und R. W. Young 


Die Entwicklung von Dioden-Funktionsgebern mit Vorspannung wird behandelt und Gleichungen 
werden abgeleitet, die sich auf die Anzahl der Diodenabschnitte, den erzielbaren geringsten Fehler 
und die Verteilung der Diodenabschnitte zur Erzielung dieses Minimumfehlers .beziehen. Die 
a eines nach diesen Gesichtspunkten entwickelten Sinus-Funktionsgebers ist ausfiihrlich 

ehandelt. 


Zusammenfassung des 
Beitrages auf Seite 347-351 


Eine einfache Héchstwert-Suchschaltung von J. N. Shearme 


Eine einfache Methode fiir die Bestimmung des Hoéchstwertes in einer Spannungswertgruppe wird 

Zusammenfassung des_ _— beschrieben, dessen Lage in der Gruppe in analoger Form ausgedriickt ist. Die Methode wurde 

Beitrages auf Seite 353-334 | angewandt, um, als Teil einer Untersuchung zur Verringerung der benétigten Bandbreite, die 
Formanten oder Gebiete grdsster Energie in einem Sprachsignal zu verfolgen. 


Die Entwicklung ausgeglichener Verstarker unter Benutzung von Bauelementen mit handelsiiblichen Toleranzen von D. J. Dewhurst 


Trotz der Veréffentlichung vieler Schaltungen fiir ausgeglichene Verstarker, die handelsiibliche 
Toleranzen verwandter Bauelemente kompensieren sollen, muss festgestellt werden, dass die besten 
Zusammenfassung des_ _—- Resultate im allgemeinen bei Verwendung angepasster Bauelementpaare erreicht werden. In diesem 
Beitrages auf Seite 355-357 Beitrag wird eine Analyse der Schaltung mit falschangepassten Bauelementen betrachtet. Dadurch 
wird das beobachtete Verhalten erklart und die Berechnung von Verstarken erméglicht, fiir die 

zuldssige Bauelement-Toleranzen angegeben werden kénnen. 


Magnetische Kernmaterialien fiir logische Funktionen von A. L. Freedman 


Die allgemeinen Grundsatze einer Methode werden erldutert, die mittels Matrizen magnetischer 
Kerne mit rechteckiger Hysteresesschleife logische Funktionen ausfiihren kann. Die Anwendungs- 
moglichkeiten werden umrissen und die innewohnenden Vorteile und Beschrankungen aufgezeigt. 


Zusammenfassung des 
Beitrages auf Seite 358-361 


Ein elektronischer Zeitintervallmesser mit spannungsgesteuerter Einstellung von R. Gladstone 


Der elektronische Zeitintervallmesser ist eine Entwicklung der Kathodenverstarkerschaltung mit 
mitlaufender Ladespannung und es wird angenommen, dass er auf neuen Prinzipien beruht. Der 
Unterschied liegt in der Anwendung einer Gitter-Leistungssteuerung, die einen konstanten, aber leicht 
Zusammenfassung des einstellbaren Anderungsmassstan iiber den ganzen Arbeitssteuerbereich des Réhrengitters ergibt. 
Beitrages auf Seite 362-363 Die Anderungsrichtung kann positiv oder negativ sein, und der Anderungsmassstab kann in sehr weiten 
Grenzen durch jeden der beiden unabhdngig variablen, geradlinigen Kreisparameter, durch einen 
dritten Parameter fiir Stufendnderungen oder durch einen vierten Parameter innerhalb eines begrenzten 
Bereiches beeinflusst werden. 
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EMIUFILMWE 


Full details from: 
Ndahere Einzelheiten erhalten Sie von: 


Pour tous détails, s’adresser a: 
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MAGNETIC RECORDING TAPES 


MAGNETBANDER 


RUBANS MAGNETIQUES E.M.1. POUR L’ENREGISTREMENT 





INSTRUMENTATION TAPE 


The world-famous magnetic 
recording tape offering the 
highest technical standards 
and used by. leading recording 
and broadcasting organisa- 
tions, industry and science. 
“77” pen tested. ‘88’’ general 
purpose. ‘‘99’’ Long Play. 

















Produced to the most exacting 
specification and available in 
various standard widths. To 
obtain the greatest freedom 
from surface contamination 
vital in these applications of 
tape recording a system of 
electrostatic filtration, down 
to a particle size of .00001 mm, 
at the E.M.I. tape plant ensures 
that all stages of Tnanufacture 

carried out under the 
cleanest possible conditions. 


Sprocketed magnetic record- 
ing film designed forall applica- 
tions where absolute synchro- 
nisationisrequired. Thespecial 
micro-polish finish reduces 
head wear by as much as 30%. 
16, 17-5 and 35 mm; fully coated 
only. Single or double perfora- 
tion, Supplied — oxide 
“in” or oxide “out 












Dieses technisch erstklassige, 
weltbertihmte Magnetband 
wird von den fiihrenden Kon- 
zernen des Rundfunks und der 
Industrie sowie von wissen- 
schaftlichen K6érperschaften 
fir ihre Aufnahmen benutzt. 
“717 mit Feder geprift. “88” 
fiir alle tiblichen Anwendun- 
gen. “99” fir langspielende 
Aufzeichnung. 


Dieses Magnetband wird mit 
der héchsten Prazision in 
verschiedenen Normalbreiten 
hergestellt. Um die Oberflache 
so rein zu halten, wie es fir 
diese Anwendungsgebiete der 
Magnetbandaufzeichnung 
unerlasslich ist, sorgt ein elek- 
trostatisches iltriersystem, 
das Teilchen bis zu 0,00001 mm 


Stufen der Herstellung unter 
den denkbar saubersten Ver- 
tnissen ausgefiihrt werden. 


for cinematographic and teleciné uses 
. fiir Film und Fernsehen 
pour les utilisations cinématographiques et télé-cinématographiques 


Perforierte Magnetbander 
dienen fiir alle Anwendungen, 
bei denen es auf vollkommene 
Synchronisierung ankommt. 
Die besondere Hochglanz-Poli- 
tur des Bandes verringert die 
Abnutzung des Tonkopfes bis 
um 30%. Die Magnetbander 
sind a, anz beschichtet in 
16 m 17,6 mm und 35 mm 
Breite. ‘erhdltiich. Sie werden 
sowohl einseitig wie beider- 
seitig perforiert und sind, je 
nach estell mit = 
Oxyd-Schicht “ nnen” 

“aussen” gewickelt erhaltlich. 


Esrmitape for tape recording 


fiir Tonaufnahmen auf Magnetband 
pour l’enregistrement au magnétophone 


Ce ruban magnétique, célébre 
dans le monde entier et dont la 
qualité technique est incom- 
parable, est utilisé par les 
principales maisons d’enregis- 
trement, ainsi que par les 
stations radiophoniques et les 
installations scientifiques. 
“77” éprouvé & la plume. ‘*88” 
pour l’emploi général. ‘99” 
longue durée. 


for computers, instrumentation and telemetry 
fiir Rechenmaschinen, Apparaturen und Fernmessgerate 
pour les computeurs, l’instrumentation et la télémetrie 


Ce ruban est produit conformé- 
ment aux données de la plus 
haute précision et existe en 
différentes largeurs standards. 
Pour réduire au minimum la 
contamination de surface— 
condition indispensable a@ ces 
applications de l’enregistre- 
ment sur ruban un systéme de 
filtration électro-statique all- 
ant jusqu’aux particules de 
0,00001 mm. assure aux ateliers 
de fabrication E.M.I. les condi- 
tions les plus favorables a la 
production des rubans. 


Film d’enregistrement mag- 
nétique a chaine étudié 
toutes les applications néces- 
sitant une synchronisation 
absolue. Le fini spécial micro- 
port réduit jusqu’a 30% de la 

tigue de téte. 16, 17,5 et 
385 mm., &@ revétement entier 
seulement. Perforation simple 
ou double. Fourni enroulé 
oxyde “a l'intérieur”’ ou oxyde 
“& l’extérieur”’. 





E.M.!. SALES & SERVICE LTD - HAYES -: MIDDLESEX -: ENGLAND 
ne 
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Surface finish 







Impact strength and 





dimensional stability 






First class insulation 





moulding powder was chosen as the ideal material for 
this neat little RGD portable radio, now receiving a 
big welcome from retailers and public alike. 


ST for its appearance — the high surface finish is just 
right for a set that has to hold its own in a com- 
petitive market. 


Portable radio 

moulded by Halex 
for RGD (Radio 
Gramophone 
Developments 
Ltd.) Romford, 
Essex 


QND for its impact strength and dimensional stability 
— this portable can take its share of hard usage. 


gro for its insulation properties essential in any set, 
but especially in this one, with its ‘wrap-around’ 
aerial doubling as a trim. 


Bextrene BC 15 is available in a wide range of attractive 
colours. 


Write for Publication No. 582 
BX PLASTICS LTD Higham Station Avenue, London E.4 Telephone: LARkswood 5511 


A subsidiary of The British Xylonite Co Ltd 
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FIXED RESISTORS - 


from | One Source , e 


ee types insulated 
+10°%, 83 values from 102 to 22MQ, 


4 all available in: 
pete 


“g Gm 


= $ watt at 24d each 
SS 


a 


1 watt at 34d each 



















“HYSTAB” (3 watt), 
insulated + 5%, 97 values 


from 1002 to 1MQ at 


6d. each 
4 “‘Wire-wound” types, ~*~ 


cement coated,+ 5% 
available as illustrated 

























2 watt at 6d each 


um \ 


3 watt 22 values from 250 


to 4KQ at 1/3 each be 


<x ‘\ 


5 watt 49 values from 152 























ro a from to 6.8KQ at 1/6 each 
332 to 1.5KQ 
10 watt 39 values from 
at 3/0d each 150 to 10KQ at 2/- each 
8 values from 12.5KQ 
to 50K at 2/3 each 
ALL PRICES 
NET TRADE 
Radiospares ‘Ltd. 
4-8 MAPLE STREET - LONDON W.I + ENGLAND: 
Telephone : EUSton 7232-7 
TELEGRAMS : RADOSPERES, WESDO, LONDON. CABLES : RADOSPERES, LONDON 


JUNE 1959 109 ELECTRONIC ENGINEERING 





EE 10 111 for further details 


GENERAL PURPOSE OSCILLOSCOPE TYPE 95 





ee 








sen ha 886 8 ORBEA AE LEELA LESLEY ELBA SIAL PALE LAILER APRN LP LLB AALLA LALLA ALP ALB ADELA LILA, 


or eran nccataee 





@ Dimensions—17’ x 10" x 11’. 
@ Weight—30 lbs. 
@ Time Base—9 preset 3-30,000 microsecs. 
@ Delay—2o to 20,000 microsecs. 
@ X1 & X2 Plates—Direct. 
Sensitivity—30 volts/cm. 


@ Y1 & Y2 Plates—Direct. 
Sensitivity—45 volts/cm. 
@ Y Amplifier— 
Constant Bandwidth. DC to 4 Mc/s (6 db). 
Constant Gain (x 100). 
Input Voltages 0.5 to 500. 
@ Z axis socket for Brill. Mod. 
@ Synch.—better than 
0.5 volts at Y input. 
@ Trigger—better than 
3 volts (R.M.S. sine wave). 
@ Time Base Waveform socket on panel. 
@ C.R. Tube—4 Anode—2}’ dia. 


The Oscilloscope has a STABILISED H.T. SUPPLY 
which allows a direct reading against calibrated graticules 
regardless of supply fluctuations. NO ELECTRO- 
LYTICS are used. 

The DELAY CIRCUIT allows any part of a repetitive 
waveform to be viewed up to 20,000 microsecs from 


_synch. edge. This is particularly useful, for instance, for 


examining T.V. Waveforms line by line up to the next 
frame. 


All circuit components are in a low-temperature area and 
ventilation is arranged to provide an air flow in at the 
bottom front and out at the top front. This allows the 
Dust Cover, devoid of vents, to be a DUST COVER. 
Cable connectors are stowed behind a removable cover 
at the base of the Front Panel. 








Price £65 ex Works 





Send for full details and photograph of interior to:— 





ERSKINE LABORATORIES LIMITED 


SCALBY SCARBOROUGH - YORKS Tel SCALBY 483 
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The very best connections 
...,secured by Plessey | 












SUB-MINIATURE COAXIAL CONNECTORS 


Asa contribution towards increasingly compact 
equipment, Plessey have introduced this new, 
highest quality and fully comprehensive range 
to allow a new approach on applications hither- 
to restricted by the limitations of existing 
connectors. 
Designed for the matched impedance coupling of 
high frequency coaxial cables operating in the 
super high frequency bands, these connectors— 


have a working voltage of 650 volts PEAK at 
sea level, and matched impedance coupling of 
50 ohm lines is accommodated. 

have hard gold plated contacts on silver plate 
to give maximum performance with minimum 
voltage drop. 




















Approximately 24 x life size 








SERIES ‘110’ (15- and 30-way) MINIATURE 
RECTANGULAR CONNECTORS 


Developed specifically by Plessey to meet the 
demand for a safe, inexpensive connector for 
commercial applications, this new series em- 
bodies excellent electrical and mechanical] 
characteristics, and the many unique features 
that make it really outstanding include :— 










Plug pins and socket inserts are polythene 
shrouded to dispense with gaskets and en- 
sure insert anchorage. 















Mismating is prevented by corner pins and 
corner sockets. 






Extreme simplicity of wiring, demands less- 
skilled operation than the orthodox methods 
of soldering pins in situ. 








For further information please write for Publication Nos. 128 and 114 





ELECTRICAL CONNECTORS DIVISION - THE PLESSEY COMPANY LIMITED 
Ples sey CHENEY MANOR - SWINDON - WILTS - TELEPHONE: SWINDON 6251 


Overseas Sales Organisation: PLESSEY INTERNATIONAL LIMITED - ILFORD - ESSEX 








@ cwes 
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MINIATURE 
MICRO 
SWITCHES 


PLEASE 
ASK FOR 
MORE DETAILS 


There are many other Miniature Micro 
Switches and Actuators besides the few 
illustrated here. Ali have the famous 
BURGESS long-life mechanism. 


BURGESS 
PRODUCTS 
COMPANY LTD 


MICRO SWITCH DIVISION 
Dukes Way, Team Valley, Gateshead 11. 
Telephone. Low Fell 75322 (3 lines) Telex: 53-229 
London Office: 127 Victoria Street, S.W.1 

Telephone: TATE Gallery 0251 (3 tines) 
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These 3 
outstanding 
uniselectors 


provide long life 
and reliability 
in operation 


The high speed motor uniselector 


has an availability of 52 outlets in a half 
revolution with up to 16 parallel channels, 
and is capable of high speed search if 
required. It is also suitable for scanning 
and other collection functions, or for the 
routing of information to a multitude of 
points. It can be brought to rest at any 
desired outlet by means of simple circuitry, 
and a homing drive is provided so that it 
can be readily restored to the normal 
position. Arrangements can also be made 
for step-by-step working. 


The digit switch 


is specifically designed for step-by-step 
operation in response to impulses, and has 
an availability of 12 outlets with 8 parallel 
channels. It may be used to set up a 
marking condition for the control of the 
Motor Uniselector. 


The miniature uniselector 


is a compact switch of unique design which 
occupies no more space than a standard 
3000-type relay. It has an availability of 
12 outlets with 3 parallel channels. A great 
advantage is that it incorporates a plug-in 
type of mounting so that the entire device 
can be removed and replaced without 
detaching any soldered connections. 


PD 7/3 
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Full technical information will gladly be supplied on application 
SIEMENS EDISON SWAN LTD 

An A.E.1. Company 

Telecommunications Division, P.D.7. 


Woolwich, London S.E.18. 


Telephone Woolwich 2020 Ex. 326 
TA 2139 
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HIGH accuracy | 
HIGH performance |; x 
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KETAY SYNGHROS AND TESTING ? 
SERVO MOTORS e 


Ketay Synchros and Servo Motors — 


many of which are type approved — are Today’s rapid increase in the speeds of 
of special interest when high precision, | | Guided Missiles, Aircraft and various 
rapid response and wide temperature types of machinery has made the 


range are demanded; they are used 
extensively in Industrial and Nuclear 
Reactor Control applications. 


Engineer acutely aware of vibration. 


Full scale testing is often expensive, 
though ultimately necessary, yet it is 
possible to assimilate the conditions 
under which parts will work by inducing 
controlled vibration, and modifications 
The accumulated experience and develop- can then be made at the design stage. 


ment facilities of Ketay are freely available In this field, W. Bryan Savage Ltd. 
as a technical service to Design Engineers. 


have been actively engaged for the past 
twenty years and are one of the 
leaders in the manufacture of Power 
Amplifiers and Vibrators. 





Hetay 


MOS AND ARB *If you have any problems regarding vibration, consult our 


Technical Dept. 
DESIGN APPROVED 








W. BRYAN SAVAGE LTD. 


Ketay Limited, 


Eddes House, 

Eastern Avenue West, designers and manufacturers of vibrators for industry 

Romford - Essex 

Telephone Seven Kings 6050 17 STRATTON STREET, LONDON, W.! 
Overseas Sales Organisation: Telephone Grosvenor 1926 


Plessey International Limited - Ilford - Essex 
Telephone : Ilford 3040 
@ xs 
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PRECIOUS METAL 
CONTACTS & ASSEMBLIES 


¥ Every ‘Baker’ contact is perfectly accurate in 

dimensions and bears a superfine finish. Illustrated 
is a selection from the many types of contacts and 
assemblies we manufacture. Composite and laminated 
type contacts can be supplied in any form to 
suit assembly requirements. 











a 







Our Technical Department 

is at your service to assist in the 

selection of a contact material ensuring 
economy and efficiency 


ENGELHARD INDUSTRIES LTD , 
BAKER PLATINUM DIVISION 


52 HIGH HOLBORN * LONDON: WCI 
Telephone: CHAncery 8711 














eg pee 















‘sREGALOX” 
ALUMINA CERAMICS 


Unaffected by high working 
temperature ‘“REGALOX”’ remains 
dirnensionally stable under most 
conditions. It holds close 
dimensional tolerances and 
concentricity. It is impervious to 
moisture and withstands the action 
of practically all chemicals. Where 
required, components can be 

high temperature metallised—a 
process which has already had a 
wide application in the Electronics 
field. 

Let our “REGALOX” technical development 
advisory service tell you how ““REGALO X”’ can ‘REGALOX’ Test Piece sent 


be applied to your products, your production en spelicition 
and maintenance. PP 

















THE ROYAL WORCESTER INDUSTRIAL CERAMICS LTD. 


(A. DIVISION OF ROYAL WORCESTER LTD.) 
Telephone: Tonyrefail 135/136 Ton yre fail . Glamor gan Telegrams: ‘‘Porcelain’’ Tonyrefail 
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GRESHAM “SEPOY” RANGE 


The Gresham Sepoy range combines four important character- 
istics. (1) C-core or E-core for weight and space saving. 
(2) Encapsulated windings for high humidity resistance, strength 
of insulation and physical protection of the windings, without 
the disadvantages of total enclosure in resin. (3) Open core for 
better cooling so that normal mounting (with the core in contact 
with the chassis to provide greater radiation surface) enables the 
unit to be run at higher current densities, resulting in a further 
saving of weight and size. (4). The C-core or E-core can easily 
be transferred to another resin cast coil for servicing, thereby 
greatly reducing the cost and weight of spares. The Sepoy 
range has been developed against a background of knowledge 
and experience which is second to none in the transformer 
industry, and which has earned for Gresham more Inter-Service 
Approval certificates than any other transformer manufacturer. 





TRANSFORMERS LTD. 
ELECTRONICS DIVISION 


LION WORKS, HANWORTH ESTATE, FELTHAM, MIDDX. 
Telephone: FELTHAM 6661 
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Talk of the Town! 


all 
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und 


Patrons who visit ‘The Talk of the Town’ 
are fascinated by two novelties of modern 
theatre technique: the orchestra with its 
‘band waggons’ moving to and fro, rising to 
the stage and descending below eye level, and 
the endless variety of curtain movements. 
British Klockner Switchgear Ltd., manu- 
facturers of all types of control gear for 
theatrical equipment, designed the apparatus 
that works these wonders from a simple 
push-button panel. 

These apparent miracles rely on multiple 
Bridge Circuits and intrinsically safe track 
circuiting; for this system British Klockner 
Switchgear Ltd. rightly decided that they 
must use TMC Carpenter Polarized Relays. 
For they know, as do the knowledgeable in 
almost every industry, that the efficiency and 
reliability of TMC products are, indeed, 
‘the talk of the town’. 





Photograph by courtesy of ‘The Talk of the Town’ 
(previously known as The London Hippodrome.) 


sw Ce CARPENTER POLARIZED RELAYS 


TELEPHONE MANUFACTURING COMPANY LIMITED 
Relay Division - Hollingsworth Works - London SE21 
Telephone: GIPsy Hill 2211 
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‘Gfewaf TRANSFORMERS /S £ % / 


Suitable for every type of Electronic Equipment requiring components for 
exacting duties under all conditions of ambient temperature and humidity. 











@ Our Technical Department 
is at your service 








Enquiries to: 


STEWART TRANSFORMERS Ltd. 
| 


KILBURN LANE, LONDON, W.10. WE ARE ON ADMIRALTY AND 
Tel.: LADbroke 2296/7. MINISTRY OF SUPPLY LISTS—A.I.D. APPROVED 




















SOLE LONDON 
DISTRIBUTORS of 


ELGCOM 


MINIATURE MULTI- 
WAY PLUGS AND 
SOCKETS 


A full range of connectors from 
2 to 33 way, proven in use by the 
electronic industries of the world 








The easiest and quickest way of 
cutting holes in SHEET 








METAL. 

ees each CONTACT SPRINGSETS 

i oré an a 4 

or *” eas 

*weorti -.. (bo) 16 : : : é : 

ipo ge b) 8, Available in various shapes and sizes for fitting 

2 er ae } to your own equipment. 

ee oe ae Contact Blades in Spring Hard Nickel Silver, 
eases al et Bia 14 or 18 mils. thickness, with twin and single Light 
and Patents pending Duty Contacts in Fine Silver or Platinum, and 

40 Page FULLY ILLUSTRATED CATALOGUE of Electronic Heavy Duty in Elkonite, Tungsten etc. 





and Hi-Fi Equipment free on application 








Enquiries to: 


AUTOPHONE LIMITED 

















25 HIGH HOLBORN, LONDON, W.C.I. 539/547, Wandsworth Road, London, S.W.8 
Tel.: HOLborn 6231/2 MACAULAY 2381/2 
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The 
Simplest way 
to Stabilize 


voltage... 




















VALVE VOLTAGE RANGE STANDARD VOLTAGE SIZE 


350, 400, 600, 800, 1000 
G GS & 1200, 1400, 1600, 1800, 2000 
— o 7 


CORONA 
STA B [ L l & E re S Please write for further information to— 


The M-O Valve Co. Ltd., Brook Green, Hammersmith, London, W.6 
Makers of G.E.C. high grade radio valves and cathode ray tubes 
350V to 7KV A subsidiary of The General Electric Co. Ltd. 
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00,0000.) 


pollendila’” Mode 1008" 


TAYLORMETER 


13 STAR FEATURES 


% Very High Sensitivity — 100,000 
o.p.v. D.C. 


% Automatic Overload Cut-out 

% Reverse Polarity Facility 

% Very Robust 

% Lowest Current Reading—0.2uA 
% 10 Microamp range 


% Highest Current Reading—10 Amps. 
D.C. 


% Lowest Voltage Reading—10 mV 
D.C. 


% Highest Voltage Reading—25 kV 
D.C. 


%* Lowest Resistance Reading— 
0.5 ohms 


%* Highest Resistance Reading— 
200 Megs. 


% Accuracy (2% D.C., 3% A.C.) 
%* Portability 


PROMPT DELIVERY 


pose £96.1 56 Write for full details and free catalogue 
: TAYLOR ELECTRICAL 
on, Cot — INSTRUMENTS LTD. 


Montrose Avenue, Slough, Bucks. 


TELEPHONE: SLOUGH 21381 CABLES: TAYLINS SLOUGH 
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Complete Coverage from 75 Mes to 230 Me's 
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MODEL 63 FM/AM 
SIGNAL GENERATOR 


Here, within this 

one modestly priced 
instrument, are the 

essential facilities and 

the essential accuracy de- 
manded for servicing radio 

and television receivers on 
bands I, Iland III. But more 
than that, its excellent specifica- 


y SS } 
tion and wide range make the 63 (_ e 4 \ b J 
FM/AM a valuable instrument for + ae —_ to e sure. 
the electronic development laboratory. 


Nett price in U.K. 


£85 


Full technical details in Leaflet M/36, available on request. 


Advance COMPONENTS LIMITED - Instrument Division 
ROEBUCK ROAD - HAINAULT - ILFORD - ESSEX - TELEPHONE: HAINAULT 4444 
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ALPHASIL-— the modern core material 


The inset curves illustrate the superior magnetic properties of Alphasil cold- 
reduced grain oriented silicon steel over those of a typical hot-rolled grade 


(Ferrosil 80). Alphasil has a maximum permeability four times that of the 
hot-rolled transformer sheet and its core losses are approximately one-third. 
Initial and incremental permeability, stacking factor and ductility are con- 
siderably better than those of hot-rolled sheet. 


Alphasil -013” thick is produced in coil 30 inches wide, and can be supplied 
slit to narrower widths by arrangement. 


ABOVE 
TABLE OF WATTS LOSSES 50 ria OIF" chick, 


Frequency Guaranteed max. total losses ready for despatch. 
cycles/second at B. Max. 15 Kilogauss, y f P 


ALPHASIL 44 50 -62 watts /ib. RIGHT 

ALPHASIL 40 50 -56 watts /Ib. pert paring | 
ALPHASIL 37 50 -51 watts /Ib. phasil by the ‘double- 
ALPHASIL 33 50 -46 watts /Ib. lap’ Epstein method. 


Thin Alphasil for high frequency work is also available in coil 

in -004” thick in widths up to 5} inches, and in -002” thick, 

in widths up to 44 inches. oe 
Frequency and FERROSIL 80 at 50 c/s 


cycles/second Guaranteed max, total losses 
ALPHASIL -004HF 400 8-00 watts/Ib. at B. Max 15 kilogauss 
ALPHASIL -002HF 8,000 9-50 watts/Ib. at B. Max 2 kilogauss 


Full technical data will be supplied on request 


RICHARD THOMAS & BALDWINS LTD 


Lamination Works: COOKLEY WORKS, BRIERLEY HILL, STAFFS, 
Midland Section Office: WILDEN, STOURPORT-ON-SEVERN, WORCS. 
Head Office: 47 PARK STREET, LONDON, W.1. 


Our Cookley Works is one of the largest in Europe specializing in the manufacture of 
Stampings and Laminations for the electrical industry. 


B max Kilogauss 











EE 10 128 for further details 


SUPER 7 LATHE, MANUFACTURED 
BY MYFORD ENGINEERING CO., LTD. 
FINISHED IN LUXOL STOVING FINISH. : —_ 





BY APPOINTMENT TO 
HER MAJESTY QUEEN ELIZABETH 119 e 
MANUFACTURERS OF PAINT e 
BRITISH PAINTS LIMITED 


BRITISH PAINTS | 
LIMITED 


Portland Road, Newcastle upon Tyne, 2 
Crewe House, Curzon St., London, W.1! 
31, Wapping, Liverpool 
BELFAST, BIRMINGHAM, BRISTOL, CARDIFF, GLASGOW, 


LEEDS, MANCHESTER, NORWICH, PLYMOUTH, ®t. 
SHEFFIELD, SOUTHAMPTON, SWANSEA AND ALL 4 PAINTS 
PRINCIPAL TOWNS. Xa 


tim 








LUXOL 
Standard Stoving Finish 


LUXOL 

Quick Drying Finish 
LUXOL 

Wrinkle Finish 


LUXOL 
Cellulose Finish 





Bt 3 


ae “ag 


.. but FINISH? with 


LUXOL 


There are twenty-one standard finishes in the famous 
LUXOL family. Almost certainly the finish best 
suited to your product and your assembly line is 
amongst them. Hereareafewofthe LUXOL family:— 








LUXOL 
Hammered Finish 


LUXOL 
Stoving Polychromatic Finish 


LUXOL 
Polyurethanes 


EPILUX 2 
Stoving Finish 


Our Technical Advisory Service will gladly co-operate with 
you if your needs are not covered by our standard range 
and will, if necessary, formulate a Finish especially for you. 


A FINE FINISH FOR EVERY PRODUCT 
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60 channels per 
bayside... 


complete with carrier and 
power supplies 


SIEMENS EDISWAN new equipment construction (E.C.3) 
offers this space saving advantage as well as these 
other features: 








@ 120 channel bay from 2 independently mountable baysides 
bolted back-to-back 


@ Complete with carrier and power supplies and inbuilt 
outband signalling 


@ Plug-in units 


@ Fully transistorised: designed and built to C.C.LT.T. 
standards 


@ Complete and easy access to all components 


@ Uses standard 9 ft. by 20} in. bays, allowing immediate 
incorporation into existing station arrangements 


@ Station cabling terminates at each 6-channel block 















6-channel block 
(prewired and pretested) 


Fast and easy access 4 
ous for servicing i ; 
yest 4 
e is 
mee 





nish 


the frontiers of telecommunications 


in 
Inge ‘<4! EMEN s 


you. | 


| B SIEMENS EDISON SWAN LTD Ac. company 





vith 


’DIsSwAN cies t 
Telecommunications Division P.D.8 Woolwich, London, S.E.18. Telephone: Woolwich 2020 
t Sitar eae Telegrams: Sieswan Souphone London 
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SOLDERING EQUIPMENT * 
by 


AIDCOLA, 


(Regd. Trade Mark) 


(Illustrated) 
4” DETACHABLE 
BIT MODEL 
(List No. 64) 

4 
PROTECTIVE 
SHIELD 
(List No. 68) 





Supplied for all Voltages. Designed for Factory Bench Line Assembly 
Radio, T.V., Deaf Aid etc. 


Write for Catalogues 
Sole Proprietors and Manufacturers 
ADCOLA PRODUCTS LTD., 


GAUDEN ROAD, CLAPHAM HIGH STREET, LONDON, S.W.4 
Telephone: MACaulay 310! & 4272 
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Consult 


\Birch 


REGISTERED TRADE MARK 


for 
TOROIDAL 
RESISTORS 

















FORMER 
Patented ceramic 
moulding with horizontal op- 
posed copper graphite internal 
brush movement. 
WINDING 


Best quality resistance 
wires to B.S.S. 115. 


WRITE FOR LIST NO. 130 





VITREOUS ENAMELLED RESISTORS 


Ferrule or wire end type: 
full range of 24 sizes—14—250 watts. List V.E. 190 





Also makers of: 

Asbestos Woven Mats. 
Heating Elements. 
Loading Resistors 


Motor Operated Resistors 
Stud Type Resistors 
Sliding Resistors. 





Birch 


H. A. BIRCH & CO. LTD. 


WOOD STREET, WILLENHALL, STAFFORDSHIRE 
Tetephone WILLENHALL 494 - 495 Grams WILOHM WILLENHALL 
LONDON OFFICE : 


1-5 NORTHOLT ROAD, HARROW, MIDDLESEX 
Telephone : BYRON 5120 
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Hermetic Sealing 


STEATITE & PORCELAIN 
NICKEL METALLISING 


Quality Approved (Joint Service R.C.S.C.) 





WILL MEET THE MOST EXACTING REQUIREMENTS METALLISED 


Perfect Terminations 


—made readily without special precautions by 
semi-skilled labour, employing simple hand 
soldering methods, R.F. Heating, 








Hot Plate, Tunnel Oven or similar 
mass production methods 


STANDARD RANGE 


Shouldered, Tubular, Conical, Disc 
and multi seals are included, assembled 
with stems if preferred. 

SEND FOR CATALOGUE No. 47 


TECHNICAL SERVICE 


Always available, do not hesitate to 
consult us. Samples for test will be 
supplied on request. 


STEATITE & PORCELAIN PRODUCTS LTD. 


STOURPORT ON SEVERN, WORCS. _ Telephone: Stourport 2271. Telegrams: Steatain, Stourport 
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Messrs. X. wanted this special type 

of transformer . .. with the help of a 
Fortiphone specification sheet (on the 

\ left), and our vast experience, his 
\ exact requirement was provided in 
only a few days. 








Enquiries to: 


ORTIPHONE 11D 


TRANSFORMER DIVISION, 


92 MIDDLESEX STREET, LONDON E.|! 
Bishopsgate 087! 
*VISIT OUR RETAIL SALES COUNTER AT 92 MIDDLESEX STREET 












FERROPERM PIEZO-CERAMICS 


FOR ULTRASONIC APPLICATIONS AT HIGH TEMPERATURES 


For shock analyses, vibration detection dis Bs 
and generation in the temperature range Pz 21; 100-10-NC/N 25-10="Vm/N 
Pz 23: 300°10="C/N 20°10=*Vm/N 
from —40°C to 260°C new types of high- 
YP g Pz 24: 200-10="C/N 25-10:*Vm/N 


sensitive piezoelectric elements have re- Curietemperature: 350°C 


cently been developed. The types Pz 23 


and Pz 24 have a high insolation resist- F E R re) PD - R M 


ance even at maximum operating tem- 





perature. Further information upon 


FERROPERM A/S, LINDEALLE 3, NAERUM, DENMARK 
request to CABLE: FERROPERM - COPENHAGEN 











EE 10 134 for further details 
ELECTRONIC ENGINEERING 128 JUNE 1959 





























EE 10 135 for further details 
* 
A Cressall asbestos woven 


net. One of many types 


developed and backed by 45 


years’ ¢ Trperience 


apt en i 5 tallre e y ea tReet 












... from the largest 
...to the smallest * 


RESISTORS | 


Expamet-Cressall make and supply A toroidally wound 


electrical units to handle every electrical loading from serene ante 
rheostat for 
over 20,000 kilowatts to as low as 4 watts... long service and 


accurate control 
whilst it is unlikely that you will require the 


larger resistors, it is good to know that in 
Expamiet-Cressall you have a simple, reliable organisation, 


more than equipped to meet all your specialised needs. 


EXPAMET-CRESSALL go together all the way 







The Electrical Division of 
The Expanded Metal Company Ltd. 






Expamet 












London Office: Burwood House, Caxton St., London, S.W.1. Telephone: ABBey 7766. 
Works: Stranton Works, West Hartlepool: Telephone: Hartlepools 5531. 

The Cressall Manufacturing Company Ltd., Eclipse Works, 

Tower St., Birmingham 19. Telephone: Aston Cross 2666. 
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COT 


Specialists in the manufacture of Wirewound Potentiometers for over 
30 years. COLVERN LIMITED are the foremost producers of these 
components in the United Kingdom. 

The extensive range of types in constant production comprises: 


e Standard Wir d Potenti ters from 1 to 15 watts 
rating and including lti-ganged types. 

e A complete range of sealed wirewound potentiometers and 
variable resistors conforming to British Joint Service 
Specifications RCS/121 and RCL/121. 

e A comprehensive range of Precision Potentiometers, 
including Helical and Sine/Cosine types, many incorporat- 
ing the exclusive COLVERN Cam-correction Device. 


TYPE CLR4201 

SEALED TROPICAL POTENTIOMETERS 
Designed to operate under extreme climatic 
conditions and to meet the requirements of 
British Joint Service Specifications RCS.121 the 
potentiometer is housed in a mineral filled mould- 
ing and effectively sealed by a metal back cover and 
neoprene ‘O’ seals in the spindle-bush assembly. 
CONFORMS TO BRITISH INTERSERVICE 
SPECIFICATIONS RCS.121 AND RCL.121, 
STYLES . RAC-RAD(CLR.4239), RAE-RAF 
(CLR.5237) HUMIDITY CLASS H2. 


OTENTIOMETER 


Type CLR.26/o00 Helical Potentiometer has been 
developed primarily for mechanical drive and use in 
servo systems. Supplied in the popular 10-turn version, 
or with any number of turns in the helix from 3 to 20, 
standards being 3-5-10- _ and 20 turns. The precision- 
ground stainless steel shaft is mounted in ballraces giving 


2 
QUOTE YOU ON THE 2328 | sans cache iotating slack true with the shaft 


SPECIFICATION: 


MANY VARI ED USES 3 : s e ee moener turn. e Resistance Range: 


e Resistance Tolerance: Standard,+5%. Best 


Ve Practical,+ 1%. 
OF PLASTIC x e@ Absolute Law Accuracy: Std.,+0.25% 10- 
° sem Spec.,+0.1% f turn 
: e Max. Working Volts Spindle/Track roooV D.C. 
e Effective Resistance Angle Tol.:+1°. ¢ Max. 


Perhaps your problem is how to Starting Torque: 1+ os./in. 
Min. Angle between Taps: 90° 


improve your product, if that is we |S Min. Ganged Sections: 2 
the case plastic may be able to 


TYPE CLR.91/00 
CAM CORRECTED 
Originally developed for Radar Gunnery Equi 
ment this Potentiometer is undoubtedly the 
most accurate Potentiometer in quantity pro- 
duction. In addition to applications in Elec- 
tronic Computing it is an ideal instrument for 
use as a laboratory standard. 
SPECIFICATION: 
e Rating: 10 watts. e Resistance Range: 
1000Q-150kQ. e Resistance Tolerance: 
Standardis%. Best Practical,+1% 
Absolute Law Accuracy: + 904%: 
Max. Working Volts Spindle/Track: 
roooV D.C. e Effective Resistance 
Angle: 315° + .25°—o°. 
e Mechanical R ion: 360° cont. e Max. 
Starting a 8.5 oz/in. 


MCGRATH PLASTICS LTD ° Sims Gane Sorter 
PRECISION MOULDERS 
COLVERN LTD., SPRING GONS., 





CONSIDERED ©] 


ti 
J 





any 


PLASTICS? 














ape 
ay ohn 


ie 


We will discuss your particular problem 

without reservation, and you will be sure 

that if plastic can help you, we will know 

just how. For further information, write 
or call for our booklet. 


Panes 


pa} 








ATE HENEY MANOR WINDON WILTS 
INE WINDON 


ROMFORD vm ronrononm ESSEX 


Telegrams & Cables COLVERN PHONE ROMFORD 
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REGULATED SPEED 





ver 
1ese 








‘tts 







































































ind 4 
we ——__—xXx———SS SS ——— 
The P.G.800* is a miniature precision built 
A === d.c. permanent magnet, speed governed motor. 
¥ == It consists of a basic P.800 motor with the 
i; addition of a centrifugally operated governor === 
4 === and external power transistor which controls === 
i i == the motor armature current. The advantage === 
i == of this arrangement is the small current which === 
ai] = passes through the governor contacts, the == 
eTERS = === bulk of the armature current being switched === 
a a : == by the transistor. * Patent pending. 
[21 the a SSS 
mould- =t ————————————SSSSS==—S——SSS=S 
ver and =3 ———————X——————_—_—_—_—_—_—_—_—_—_—_—SSSSSS=S—==—=== 
embly. | = ———SSSSSSSSSSSSSSSSSSSSSSaBapaEaESESESESESS————EEE—EHE“MNOESES 
RVICE <1) aa S525 2525 ERRm SSE ——————————— 
L..23%, 4 
E-RAF Ei 
ig 
| Sho 
| | 
= . 
¥ ay 3 
typical 
performance 
detalis 
| output 0—12 watts 
torque 0—240 gm-cms. 
(O—3-35 02”) 
speed 5,000 r.p.m. 
voltage 28 80 160 240 320 400 480 
torque qm cms 
current 0-2—1-1 amperes 
average 
k rating continuous The motor can be adjusted while running to 
a ; any desired speed between 3,000-6,000 r.p.m. to 
t for weight 160 gms. (5:1 ozs.) give the characteristics shown in the typical 
: speed/torque graph of a 28 volt motor. 
'e: 
mee: 
% 
4% | 
WCR: 
imce j 
lax. 





Vactric (Control Equipment) Limited 
Vactric House, Sloane Street, London SWI SLOane 9656 


WRP 236¢ 
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Mm ARS HAL. L. 
Bee) sail 


@ PULSE HEIGHT ANALYSER, Type H.S. 100 


A sophisticated instrument in the lower price range. Includes 
Scaler, Live Time Integrator and Print-Out. 


@ TWIN-CHANNEL PULSE GENERATOR Type T.P.G. 100 


@ MAGNETIC PULSE RECORDER, Type M.P.R. 103, Tran- 
sistorised. 


@ A DESIGN TEAM TO MEET YOUR OWN SPECIAL 
REQUIREMENTS. 





Enquiries to Sales Department 


MARSHALL OF CAMBRIDGE ELECTRONICS LIMITED 
THE AIRPORT, CAMBRIDGE, ENGLAND 








NOISE MEASURING EQUIPMENT 
TYPE 123 


Essentially a narrow-band R.F. Spectrum Analyser, Noise Measuring 
Equipment Type 123 may be used for determining the spectra of 
spurious a.m. and f.m. modulations at frequencies close to carrier. The 
instrument is particularly suitable for analytical work on the performance 
of oscillators and systems developed for c.w. doppler radar applications. 





Operating Frequency: Full sensitivity may be achieved over a 
bandwidth +5% relative to carrier. The equipment illustrated 
is fitted with an X-band R.F. head. 


Spectrum Analyser range: From 1-90 Kc/s with respect to 
carrier. 


Resolution: 70 c/s or 1 Kc/s bandwidth. 


Sensitivity: The r.m.s. a.m. sideband power in a 70 c/s 
bandwidth can be measured down to —135 db with respect to 
the total signal power level, with an accuracy of +2 db and 
an equivalent accuracy is obtainable in f.m. sideband power 
measurements down to 0.01 c/s deviation. 


Display: Panoramic display, with frequency marker, or 
alternatively, a hot-wire instrument provides accurate power 
measurements when used with a manually controlled sweep 
oscillator. 


Write for information, quoting frequency bands of interest, to: 


JAMES SCOTT & CO. (Electrical Engineers) LTD. 


Manufacturing and Electronics Division 
68 BROCKVILLE STREET, 
CARNTYNE INDUSTRIAL ESTATE, 
GLASGOW, E.2. 
Telephone : SHEttleston 4206/9 
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“Well-Id say: 

‘call in these 
Whitecroft 
people....’ 






99 











The punctual supply—in large quantities —of Component 
Parts for the Radio, Television and Electronic Industries 
is our province. 

We specialise in all types of Wire Forming and Coiling and 
manufacture amongst our many lines Capacitor and 
Resistor Wires, Connecting Wires, Plug and Socket 
Contacts, Grid Wires, Anode Tabs and Pointer Arms, we 
are prepared to quote to any specification. 

Our long association with all the leading manufacturers in 
the Electronic Industries is our best reference and our 
experience in this highly specialised field enables us to 











offer a service unrivalled anywhere in Britain. 
WHY NOT GET IN TOUCH WITH WHITECROFT 
TODAY! 


When it’s a question of 


component parts 





THE WHITECROFT PIN MANUFACTURING COMPANY LIMITED 
Whitecroft, Gloucestershire. Telephone: 300, 308, 309. Telegrams: Pinco, Lydney. 
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99-9999 * 


The production of semiconductors and of intermetallic compounds for thermoelectric 
devices has resulted in a demand for very high purity metals. To. meet these 
developments, The Consolidated Mining & Smelting Co. of Canada Ltd., is producing 
the following metals to purities of the order of 99°9999% : 


BISMUTH - CADMIUM - INDIUM : LEAD -: SILVER - ZINC 


These “TADANAC” Brand metals are available in the United Kingdom and Europe from 


HENRY GARDNER 


AND COMPANY LIMITED 


2 METAL EXCHANGE BUILDINGS - LEADENHALL AVENUE - LONDON : E.C.3 
Telephone: MANsion House 4521 


AA J ve 


Ney ay! 


\f i oy SW AW) 


IAS BAe 300 390302 302 507 


whose Technical Service Department, backed by the full resources of the producers’ 
Research Division, will welcome enquiries. 


t 
AY ' 
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Automatic 


VOLTAGE 












(REGD, TRADE-MARK) 


REGULATORS 


with Electronic Control 


A 
A 


A large range of stabilisers is available for 
installations requiring a constant voltage within 
+1% from a supply fluctuating up to +10% or 
—15% to + 5%. 


\\\ 


AW 


\\ 


\ 


\ 


Single and three phase models from 7 to 25 kVA 
per phase are detailed in our catalogue which will be 
sent on request. 


THE ZENITH ELECTRIC COMPANY LTD. 
ZENITH WORKS, VILLIERS ROAD, WILLESDEN GREEN, LONDON, N.W.2 


Telephone: WILlesden 6581-5 Telegrams: Voltaohm, Norphone, London 


MANUFACTURERS OF ELECTRICAL EQUIPMENT INCLUDING RADIO AND TELEVISION COMPONENTS 
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\ 


“Er...mno” we confessed — not realising 
that anyone crushed coal on purpose. 


‘4 job of National Importance”’ they tempted us. 
Thought “O.K., we'll take it,” we agreed. 
“Don’t run away with fancy ideas,” they warned, 
¢ *‘ your job will be insulating the electric motors 
COmM- Lh that operate the plant.” 
‘“‘A pushover,” we replied recklessly. 


Yaa “If you don’t mind working entirely without ventilation” 


Gf “a Car TZ they said “‘ totally enclosed by welded-in sheet 


steel covers. Gets kind of hot’’—they added nastily. 


” 


“Just our cup of tea,’ we gulped —and took the job. 


they asked us. ; ; : 
Years later—meaning now — we are still at it. 


Is it hot? Compared to this situation, the equator 
is a cold bath. Do we break down? Never! 
Fibreglass electrical insulation can take anything! 





a) 
J 


Ne ew Non Mae Pre Tree, Sonte Boee 
. i 





[f it’s tough, it’s gust the joo Jor 
FIBREGLASS tvecratcat isutation 








FIBREGLASS LIMITED ° ST. HELENS, LANCASHIRE + TELEPHONE: ST. HELENS 4224 
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Quartz crystals in hermetically sealed 
cases or evacuated glass envelopes for Fs 
frequency control and filter applications. ‘ 


As supplied to all the major Airlines 
and Radio Manufacturers. 









y *o: _ 
’ : ; le Ree La CAAT ET GET ALTR NEA NHS 
Technical service available to assist in ‘Reta tspcedya ta ener 


LS VTAN rene tans Aad 
formulating design specifications to 
customers’ special requirements. 


A.1.D. and A.R.B. approved. Brochure on request. 


BRUSH CRYSTAL CO. LTD. HYTHE, SOUTHAMPTON 


TELEPHONE: HYTHE (Southampton) 3031-2 CABLES: BRUDEV. HYTHE SOUTHAMPTON. 





aetna! 


Polyskop 


A NEW ROHDE & SCHWARZ INSTRUMENT ' § 


TWO CHANNELS: WIDE BAND SWEEP 
RF GENERATOR AND CRT DISPLAY 
FREQUENCY RANGE 500 Ke/s to 400 Mc/s 
SWEEP WIDTH +200 Kc/s to +50 Mc/s 





For direct viewing of impedance, gain or 
attenuation versus frequency in Aerials, 

Filters, Amplifiers, Cables, 

11” x 8" Screen, illuminated grating 

Two probes for Roving Tests. 

Crystal controlled Markers: 1—-10—50 Mc Points. 





SHORT DELIVERY: DEMONSTRATIONS AVAILABLE 





AVELEY ELECTRIC LIMITED 


AVELFY ESSE* 15/16, AYRON ROAD, SOUTH OCKENDON, 
ROMFORD, ESSEX. tz: soo 3444 
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. Ht What the well-dressed 
ES electronic brain 
































Wes 
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ae 

Ee is wearing: 

Ro 

bus 

ae 

gee Nowadays you'll find that more and more 

Iie : ‘ : ‘ 

noes electronic apparatus is being clothed in 
the smart efficiency of Hassett & Harper 
cabinets. Tailor-made to individual requirements 
or ‘off the peg’ in a wonderful range of 
component—fiattering designs! 

Mase Discerning electronic brains, fashion-conscious 
computers, in fact electronic equipment of all 
kinds, look better—are more easily operated in 
Hassett & Harper racks and cabinets. 

N Why not ask us for more details? 
>N. Appearances count even in electronics. “If it 


looks right, it is right’’, they say—and that’s 
certainly true in our case. 


















































" Hassctk é erper lid 


REGENT PLACE - BIRMINGHAM 1 - TEL: CENTRAL 6418 


— LONDON SHOWROOM: I GREAT CUMBERLAND PLACE, LONDON W.I. TELEPHONE: PADDINGTON 4691 
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Section of Cubicle Control Board, showing CRADLECLIP. 


Everyone from the Sweeper-up to the Managing Director knows that the 
one... two... and it’s done slickness of Cradleclip gets the iob done quicker 
and better, and with its many other outstanding features—*“ Cradleclip’s the word 
for wiring” at every stage of switchgear production and wiring contracts today. 


NO WONDER WHEN YOU 

LOOK AT THESE BENEFITS 

@ Cuts wiring time by 52%. 

@ Combines high speed fixing 
with simplicity and complete 
security. 

@ Brings a new 
compactness and 
to your wiring. 

@ Completely insulated 
suitable for all climates. 

@ Electrical and mechanical 
security in all conditions 


One-Two— oS 


versatility, 
neatness 


and 


and it’s done ! 







@ Proved in wiring installations 
throughout the world. 

Photograph by kind permission 

of South Wales Switchgear Ltd., 


Proof of facts about how you can save 
money on wiring with CRADLECLIP 
is contained in our Time and Motion 
Study Report which is available now at 
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Publication E.1000 


Second Edition 





Free on request 


Samy, 





Ne) 
430133 
A 3TIBNRUS 


Publication £-1000. Second Edition 


fy 
' 






ORAS coeRRED Ky, 
WRNED RECCEMHAR aber £8Gtans 


TECHNIQUE 





SHDS HDS DS DS SSDS PH PDD DDS HDHD DH 


A new edition of 
Publication E.1000 
having four additional 
chapters on synchros 
has been prepared 

and will be distributed 
to all recipients of 

the first edition and 
any other synchro or 


magslip user on request. 


A Quarterly Journal 
of Instrument 
Engineering for 
Scientists, Engineers, 
Technicians, Research 


Workers. Mailed to 





any part of the world 


lackwood, Monmouthshire. your request. 


on request. 


See eee eHe eH eE Eee HHa EET EHH EH Hs 


cradleclip 


Pee eee eee eee tees esses eeeeeese 


Twice as good .. . twice as quick .. . when you wire with cradleclip 


INSULOID MANUFACTURING CO. LTD. 


Sharston Works, Leestone Road, Wythenshawe, Manchester 
Telephone: WY THENSHAWE 2842 and 3163. 





378 








LIMITED BECKENHAM KENT ENGLAND 
441 LEXINGTON AVE - NEW YORK I7 - N.Y. - U.S.A. 
STRATFORD - ONTARIO - CANADA 


MUIRHEAD & CO 
MUIRHEAD INSTRUMENTS INC 
INSTRUMENTS LIMITED 





MUIRHEAD 
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Wire holes drilled in aircraft hexagon nuts by Par-A-Matics 
mounted in semi-automatic holding fixture. Operator inserts 
hexagon nuts in vice jaws to start cycle. Automatic ejection. 


“ARO-BROOMWADE” 
PAR-A-MATIGS 


Save Man-hours 


Par-A-Matics are compact, self-feed pneumatic tools designed 
for multiple drilling, burring, tapping, grinding, reaming, 
nut-running, positioning . . . almost any operation requiring 
rotating tools which can be accommodated in a }” or #” chuck. 
QUICKLY ADAPTED TO CHANGING NEEDS. 
Par-A-Matics are invaluable for long or short production runs. 
Gears are interchangeable for speedy conversion to any of 
seven speeds from 500 to 17,000 R.P.M. You can easily mount 
Par-A-Matics at any angle for automatic or semi-automatic 
operation. You can link any number for simultaneous 
functioning. One man, using a remote contro! valve, can 
operate a whole battery of Par-A-Matics. 

Par-A-Matics really wi/l SAVE YOU MONEY. Expert 
technical advisers are available for guidance on schematic 
layouts, based on a wide experience in the application of 
Par-A-Matics. Ask for Publication No. 443 T.E. 


*“BROOMWADE’’ 


Air Compressors & Pneumatic Tools 


YOUR BEST INVESTMENT 


BROOM & WADE LTD., P.O. BOX No. 7, HIGH WYCOMBE, ENGLAND. 
Telephone: High Wycombe 1630(I0 lines). Telegrams: ‘Broom’, High Wycombe.(Telex.) 
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THE VERSATILITY 
OF PAR-A-MATICS 
covers almost any kind 
of rotating 
tool 





Drilling 


Burring 


Reaming 

















604SAS 
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Spotlight Ayam 4 POLYPENCO NYLON ROD 


<p, ROUNDS izes: yy in. to 8 in. diameter. 
=, SQUARES : : } in. to 1 in. across 
Sy HEX : % in. to 1} in. across 


> RECTANGLES Sizes: % in. to 1} in. thick, 
+ in. to 10 in. wide in 3 in. 


increments. 


10 in, and 12 in, dia. x + in. 
to 2 in. thic 
DISCS 14 in. and 17 in. dia. x ¢ in. 
to 2 in. thick 


Rounds, squares and hex. supplied in long lengths suitable for 
Pol ae Melee Med oe the ideal material for ALL types of @ Nylon is the generic term for the polyamide family of the following grades: Type 66, 


mechanical, electrical and chemical parts. Type 610, Type 6, Type 11, MoS, and graphite filled Type 66. Each grade has specific 
TOUGH LOW FRICTION : : A sos : 
NOISE DAMPENING ABRASION RESISTANT properties for different operating conditions. The most complete range in the world of nylon 
NON-GALLING RESILIENT sizes and shapes can be supplied in all commercially available grades by the pioneers in 
RESISTANT TO CHEMICAL MEDIA IN THE RANGE lon sha: 
OF phS TO phil a 

ID ELECTRICAL INSULATOR FOR LOW A.I.D. Approved 

FREQUENCY, HIGH VOLTAGE APPLICATIONS 


POLYPENCO pro. 68-70 TEWIN ROAD - WELWYN GARDEN CITY - HERTS. 


TELEPHONE: WELWYN GARDEN 5581-2-3 
A subsidiary of The Polymer Corporation U.S.A. ““POLYPENCO” is a registered trademark 








High Frequency 

Motor Alternator Set. 
IkVA, 115 volts, 

1600 c.p.s., single phase 


10/20 VA i000 c.p.s., 

I phase, 3000 r.p.m. wound 
field or permanent 

magnet excitation 


Write for Illustrated Brochure. 


ALFRETON ROAD <: DERBY 
PHONE: DERBY 47676 (4 LINES) GRAMS: DYNAMO, DERBY 
London Office: IMPERIAL BUILDINGS, 56 KINGSWAY W.C 2 
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@ Extended temperature range 

@ Highest possible stability 

@ Smallest possible bulk 

@ Mechanically strong finish 

@ Tolerances down to + 0.5% 

®@ Choice of three lead 
arrangements 








ry @ Five sizes covering any value 

Z LEADS : between SpyF and 0.25pF 

@ Two ratings: 200 and 350volts 
peak working 


iT 










3 lead arrangements 


x LEADS 5 sizes in each 








* FMC “fired” technique of 
assembly in which individual 
plates are welded together into 
a solid stable block without 
connecting foils or eyelets. This 
form of construction ensures the 
maximum long-term stability. 














SPECIALISED PRODUCTS OF 


| Johnson 
| Matthey 








JOHNSON, MATTHEY & CO., LIMITED, 73-83, HATTON GARDEN, LONDON, E.C.1. Telephone: Holborn 6989 


Vittoria Street, Birmingham,-1. Telephone: Central 8004 
75-79 Eyre Street, Sheffield, 1. Telephone: 29212 
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For accurate, small, light and rugged electrical 


G-V THERMAL TIME DELAY RELAYS a 
@ Employ the proved (bi-metal free) G-V principle, giving _ 

e characteristics. \ 
ble ! 
and 5 mins., 






















and + 125°C. 


@ Weigh less than 14 ozs. He 


22 in, 
ae Ay aaBioctend by moisture, 


ight 
altitude, eon or tropical 












The locked position. 
The Dzus Fastener is 
eee instantly unlocked by 


a quarter turn 
anti-clockwise. 





THE MOST RELIABLE... 
YET SIMPLE 


@ Dzus can easily be fitted in solid or laminated 
materials, regardless of thickness. Dzus have tremen- 
dous holding power. Quick in action! Vibration proof! 
They are indispensable for hinged or removable parts 
which need frequent inspection, cleaning or adjust- 
ment. THE FASTEST FASTENER with the 101 uses 
or Inspection Hatches and Panels, Engine Covers, 
Machinery Guards, Fascia Panels, Radiator Grilles 
and with a variety of uses in the Electronic, Motor 
Vehicle and Shipbuilding Industries. 


Cam operation ensures 
smooth easy working 
yet unbreakable grip; 
fastener supplied to suit 





any thickness. 


Steel spring mounting 
lends great strength and guards 
against loosening, however 


intense the vibration. 











Wrile for full details of application to your 


particular industry to: 

FASTENERS DZUS FASTENER EUROPE LIMITED 
Farnham Factory Estate, Guildford Rd., Farnham, Surrey 
Sales Agents in U.K. Thomas P. Headland Ltd. 


Melon Road, Peckham, London S.E,15 
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| zener | zener | zener | reverse | power | 
| voltage | current! impe- | current |dissipa-| 

Vz Iz dance | Lib tion | typical 

type | @kz Zz |@—I10V|P(max) | temp. 

(max) | 25°C ffs—50°C coef- 

Ql | ficient 

volts mA ohms uA watts | %/°C 

issol.| 22 | 150 4 | 10 . | 0.08 

18502 | 24 150 4 10 8 | 0.08 

1$503 27 150 4 10 8 | 0.08 

18504 30 150 5 10 8 0.08 

TEXAS SILICON 1s505 | 33 150 5 10 8 0.08 

18506 36 150 6 10 8 0.09 

18507 39 150 6 10 8 0.09 

18508 43 100 7 10 8 0.09 

| O LTA G E 1$509 47 100 8 10 8 0.09 

1S510 5! 100 10 10 8 0.10 

Issil 56 100 il 10 8 0.10 

i a G U L AT O 2 *, 1s512 | 62 so | 14 10 8 | 0.10 

1S513 68 50 16 10 8 0.10 

1S514 75 50 24 10 8 0.11 

ISS15 82 50 26 10 8 0.11 

1S516 91 50 40 10 8 0.12 

8 WATTS 
22 to 91 VOLTS a 
ACCURACY 5% 
OPERATING TEMPERATURE Sasacdl 
° ° 
—65 C to +150 C SHUNT REGULATED POWER SUPPLY 
Output current (4. .J 50 to 200 mA. Ripple 10 mV. Total Regulation (for input and output 


Available also as double anode clipper variations) 10%. 


| This new range of Texas Silicon Voltage Regulators 
covers zener voltages from 22 to 91 Volts in 16 steps + Op AN A—9— 
of approximately 10%. 
Performance data and some typical applications are 





shown on the right. SUPPLY 








sheet is now being mailed to you. If you are not on 
our List, and would like to receive details, please -o 
write your name and address in the margin of this 

al | page and return to us. TRANSISTOR SURGE PROTECTION 


$y 





| If your name is already on our Mailing List, the data 








TEXAS INSTRUMENTS LIMITED 


TELEPHONE: BEDFORD 68051 DALLAS ROAD BEDFORD CABLES : TEXINLIM BEDFORD 
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SILENTBLOC 


instrument mountings 





defeat vibration 


Vibration is the enemy of accuracy and serviceability. SILENTBLOC 
anti-vibration devices are the products of unrivalled experience and 
“know-how” in this field, and the extensive range available from stock 
is augmented by facilities for special design and production to meet 
exceptional needs. The illustrations show three of the many SILENTBLOC 
instrument mountings. We should be glad to consider your problems 
and to offer our advice without obligation. 


Come to us at the drawing board stage! 





SILENTBLOC LIMITED MANOR ROYAL CRAWLEY SUSSEX 


Telephone : Crawley 2100 Telegrams : Silentbloc Crawley 
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wv Ve 


set) Ce) HYDROFLUORIC ACID ~ 






Manufactured by JAMES WILKINSON & SON LTD 


wh W\ ‘ea “3 y ee x ws N ay \ . 












NON- VOLATILE a 
(PREVIOUSLY. a — 


AVAILABLE NOW WITH 

















JAMES WILKINSON & SON LTD. SHEFFIELD 9. ENGLAND 
Telephone: 41208 (3 lines). Grams: CHEMICALS, SHEFFIELD 9 
E 
ch London Agents & Distributors: 
JOSEPH WEIL & SON LTD. Friars House, 39-41, New Broad Street, London E.C.2. 
| 
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Elliott Brothers 










A AA © 
Patchcord Programming System 


and Taper Technique 















Rear view showing harness employing 
Taper Pin Connection. 














““FIMAC” Computer at present ir 
use in the Aviation Division of 

Elliott Brothers (London) 
Limited, Boreham Wood. 











Front view of Programme Boards. 










Photographs by courtesy of A .s 
Panellit Ltd., Member of the a 
Elliott Automation Group. 


WRITE NOW ABOUT THE CREATIVE APPROACH TO BETTER WIRING 
AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD. 


London Sales Office: Dept. 14 , 60 Kingly Street, London, W.1. Telephone: REGent 2517-8 and 3681-2-3 
Works: SCOTTISH INDUSTRIAL ESTATES, PORT GLASGOW, SCOTLAND 


% Trade Mark of A MP Incorporated U.S.A 





TRADE MARK 


A P323-93 


ELECTRONIC ENGINEERING 146 JUNE 1959 
















EE 10 160 for further details 


Products of 


No. 4 Glilass-sealing Alloys 


We have made a specialised study of the production of alloys used for metal-to-glass and 
ceramic seals. The essential requirement is to have a seal which remains vacuum-tight 
under all normal operating conditions. And that of course requires each alloy to have 
similar expansion properties to the matching glass or ceramic. Each alloy is produced 

at our Cheadle Heath plant, and is subjected to rigid control and testing, both in the 
works and in the laboratory. 


FOR SOFT GLASSES FOR HARD GLASSES 
Lead Glasses Boro-Silicate Glasses 
No. 4 Alloy and 26°,, Chromium-Iron Therlo* 
Soda Glasses Ceramic Materials 


48% Nickel-Iron Therlo* 























No. 4 Alloy Used in the radio valve industry applications moulded glass valve bases. It has a 





for contact pins in moulded glass bases, and high chromium content and thus produces an 
also for the sealed-in buttons in cathode ray exceptionally adherent chromium-oxide-rich 
tubes. It can be used without copper coating film for vacuum-tight seals. 


, with soft gl f -sili ; 
ee Ne ae Ses Lone aeene pe Therlo* For hard glasses of the boro-silicate 


48% Nickel-Iron The coefficient of expansion type, an alloy with low expansion properties is 

of this alloy is approximately equal to that of essential. Therlo* is designed accordingly. It is 
soft glasses such as soda-lime and lead. It is used for contact pins in radio valve glass bases, 
therefore used over a very wide field, electric all hard glass applications and certain ceramics. 


lamps and mercury vacuum switches are 
examples. This alloy has the high susceptibility 
needed for low wattage relays or pick-ups, 
and its negligible core loss is useful in 
high-frequency transformers or relays. 


Other Compositions Most conventional uses 
of glass sealing alloys in industry are covered 
by the four alloys mentioned above. But we 
welcome inquiries involving more specialised 
needs where alloys of a different composition 
wt 26%, Chromium-Iron includes among its may be called for. 


Fuller technical information is given in Data Sheet No. 3, *REGD. TRADE MARK 
a copy of which will be sent to you on request. 





BRITISH DRIVER-HARRIS CO LTD 





IG 

D. 

. (uicHROME) Cheadle Heath, Stockport, Cheshire. 
| ee 

93 
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For Electronics, Radio 
& Telecommunication 
reeigs ....... 

eon ee 
baggy li Po 








‘ SHEET Maximum width 24”. Minimum thickness 0-006”. 


STRIP Maximum width 18”. Minimum width 34”. 
Minimum thickness 0-005”. 


WIRE Maximum diameter 3”. Minimum diameter 0-0025”. 


Specialities High finish Nickel-Silver Telephone 
Strip and Sheet contorming to BSS 1824, or to your own specifications for 
the manufacture of Spring contacts, Relay blades, etc. 


We also specialise in producing Copper-Nickel Alloys (Cupro Nickel) with 
special resistance properties in the form of Sheet, Strip and Wire. 


Established 1845 


JONES & ROOKE (1948) LTD. NORTHWOOD STREET ROLLING MILLS, BIRMINGHAM 3. 
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wooDs 


Aerofoil fans 
FOR ELECTRONIC EQUIPMENT 





QUALITY AT LOW PRICE 


Very keenly priced, there are three 
new Aerofoil short casing fans, 3.8”, 
4.8” and 6” diam. Compact, sturdy, 
they offer the quality of engineering 
that has made the name Aerofoil 
synonymous with reliability. 

Ask for Specification Sheet VW246. 


WOODS OF COLCHESTER LTD. 
BRAISWICK WORKS, COLCHESTER 


Co/chester 5111 Telex 1880 
AN ASSOCIATE COMPANY OF 
THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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STANDARD - SIGNAL 
GENERATOR 


Type MSIEI 





10 kc/s to 110 Mc/s ON FUNDAMENTALS 


AM: 0 to 100% 


ENVELOPE DISTORTION: 
0.5% at 30% AM 
1.5% at 80% AM 
below 5% at 90% AM 
OUTPUT: 
0.2 »V to 0.2 V emf in 2 dB steps 
from 10 or 752 (10 and 500 
supplied on request) 
0.2 to 2 V emf monitored from 
separate 2000 jack or up to 
130 V across tuned load 


INTERNAL MODULATING OSCILLATOR: 
400 cps + 3% 
Distortion below 0.3% 





@ Extremely wide frequency range and low-distortion 
AM make this instrument invaluable for lab. work. 


@ Output constant within +! dB on all ranges to 20 
Mc/s. 
@ No side-band clipping. 
@ Incidental FM less than 3 x 10° at 30% AM below 
30 Mc/s. 
RADIOMETER supplies: 


AF OSCILLATORS 
R-L-C BRIDGES 


STANDARD-SIGNAL 
GENERATORS 


VACUUM TUBE VOLTMETERS 
WAVE ANALYSERS 


Write for descriptive literature from:- 


RADIOMETER 


72 Emdrupvej, Copenhagen NY-3, Denmark 
Represented in Great Britain by 
Livingston Laboratories Ltd. 
Retcar Street, London, N.I19 


Te 
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A 
\ N 
10.5 mm . 
Behe S Cold Cathode Triode XC18(CV2486) Z 
S | S 
S SS 
S N The XC18 is a wire-ended subminature cold cathode triode. 
S S It is an electrically reliable and mechanically robust tube of 
N S 
SN nae S superior quality 
S | S @ Minimum main gap breakdown voltage 210V 
N S @ Maintaining voltage... sins «. 73V45 
SX SX @ Trigger strike voltage ... as .. 68V + 6 
SX ! SX @ Maximum continuous cathode current ImA 
SN es Be SX 
S 4 SX @ Maximum pulsed cathode current... 5mA 
S a S (Assuming a maximum duty cycle of 1 : §) 
26 mm 
S 7 XS Our Technical Service Department will be pleased to supply 
Al A \N further information and assist in any problems arising from 
Cc cece new S the use of Hivac tubes. t 
a§ S 
k 
S 
SS S g A member of the Automatic 





Telephone & Electric Group 


Hivac Lim 


cil Stonefield Way ~- South Ruislip - Middlesex ~- Ruislip 3366 





if 
: 
q 
: 














A standard instrument with special calibration 
could qualify under the heading of ‘custom- 
built’. But often it means an instrument 
built to fulfil specific operating conditions— 
to solve a particular problem. And with 
M.I.P. that means producing a prototype % 
ready for that particular job—and ready for “a MILLIAMPERES 
you in 10 to 14 days. Re 


from PROTOTYPE 


Quickly built to conform with special require- 
ments. Backed by the specialist experience 
that is M.I.P. 


to DELIVERY 


which means honouring promised dates pre- 
arranged to suit your own production 
schedules. 





FROM THE COMPREHENSIVE ‘PRIORY’ 
RANGE—Models P55, P35, P30 and P20 


MEASURING INSTRUMENTS (PULLIN) LTD. 


Electrin Works, Winchester Street, Acton, London, W.3. 
Tel: ACOrn 4651, 4995 and 8801 





GDI3 
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1D 


CrmmMettes ou... 


The Lead-Through and Stand-Off Terminals 
with Poly-Tetra-Fluoro-Ethylene (Fluon/ 
Teflon) Insulators and silver-plated Conductors. 


erminettes 


are SELF-SEALING, SELF-FIXING 


withstanding vibration at 20G at 1,500 
cycles; are moisture-repellent and have high 
insulation—from 3,000 to 25,000 volts accord- 
ing to size—a working range of temperatures 
from —80° C. to +300°C. and are available 
in 30 different standard types, each type in 

9 different colours. 


erminettes ... 


the World’s most economical Terminals, 
made and guaranteed by 
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ay YEO STREET, BOW COMMON, LONDON, E.3 








Our range of counters offers in the 
most compact form types for all 
requirements. The total full size 
width of the group above is only 6 
inches. 





BR Single Digit Counters which 


Cc Electrical Reset High Speed 


D Instantaneous Manual Reset 
















Predetermining Counter 
with Auto-reset 








can be assembled in groups. 
Forward or backward count- 
ing. Auxiliary contacts for 
predetermining. 






Counters. 


High Speed Counters. 
10 or 25 impulses per 
(second). 


Send for full details of 
the above and other 
counters in our range to 















Bae 








THE STOWNEBRIDGE 
ELECTRICAL CO. LTD. 


6 Queen Anne's Gate - London - §.W.1 
Telephone: TRAfalgar 1444 
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K. for “SODECO’’, GENEVA. 
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MEW additions to the 


AUPMmaax. Rance 
FOR A/C & D/C SUPPLY 


— 


Two NEW 4 inch diameter Fans 


of exceptional power where a high rate of 
Al Riow is required from a compact unit with 


MAX nun efficiency. 


Suitable for Airborne or Ground Application these Fans 
conform fully to Ministry of Supply Specifications. 





400 c/s A/C Model 


(115 or 200 volts) sep 
268 im. VOLUME 200 cfm. 
38 ows. PRESSURE 3.65 swg. 
“rt gee R.P.M. 10,700 

- OVERALL 
su LENGTH 7.531” 





Further details of the comprehensive Range of 
AIRMAX Fans can be forwarded on request: 


A. K. FANS LTD. 


20 Upper Park Road, London, N.W.3 
Telephone: PRimrose 5969 
A.|.D. and A.R.B. approved 
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Level 
Distribution 
Analyser 


This equipment furnishes a 
continuous record of the signal 
level variations occurring on 
radio links (fading) in a form 
easily evaluated. It counts the 
number of times a signal falls 
below any of six predeter- 
mined levels and measures the 
total duration of these inci- 
dences over a given period of 
time indicated on a master 
clock. If the Analyser has to be 
used in unattended localities, 
an automatically operated 
photographic attachment is available which records the 
readings of the six electro-mechanical counters and syn- 
chronous clocks on 35 mm. film at regular intervals, preset 
on an electrically operated time switch. 

The Analyser was originally manufactured to a British Post 
Office design for use on S.H.F. links and is also used on 
several continental terminals of the Eurovision system. It is of 
considerable value in siting of new stations and investigation 
of aerials, but can also be used for other purposes where 
statistical information on random level variations is desired. 

Inquiries regarding the Level Analyser and other products, 
which include Zero-Impedance 400 c.p.s. and I100 c.p.s. 
power units and specialised filters for the communications 
industry, should be addressed to the manufacturers: 


G. A. Priechenfried & Associates 


63 BROUNCKER ROAD, LONDON W.3 
Telephone ACOrn 1460 

















PLASTICS 
FOR INDUSTRY 





Nylon Mouldings for the 
Engineering Industries 


Specialised Mouldings for the 
Electronic Industries 





Intricate components of many types . . . mouldings for all 
industrial purposes . . . PRESTWARE can make them for 
you. Modern production methods and the latest factory 
equipment ensure a high degree of accuracy and at the 
same time, reduce costs. Consult our Technical Advisory 
Division, who have the skill and knowledge to deal with 
most plastics requirements. 


PRESTWARE LTD. 


Southdown Works, 


Telephone: 
LiBerty 3421 





Kingston Road, Raynes Park, 
London, S.W.20, England 
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on 
complex connection 


From their wide selection of plugs and 
sockets, MODAC offer a standard range 
of rectangular and circular miniature 
connectors, to which is soon to be added 
a sub-miniature range with combinations 
of 10, 16, 28 and 34 contacts. 


a firm 











The main feature of this advanced design 
is the independently sprung, multi-point 
contact which provides self-cleaning, 

low contact resistance and is ideal 

under conditions of vibration. 








MODAC is equipped for the design 
of connectors to customers’ 

specifications and to supply any of 
their range as cable assemblies. 












They are more than willing— 
at any time—to come to grips with 
your general wiring problems. 






Modac miniature and sub-miniature connectors 


*Modac’ is a Registered Trade Mark 


for further information and a copy of the *‘Modac’ 
catalogue, please contact : 


Modern Acoustics Limited 
Contact Connectors Division 


MANOR WAY - BOREHAM WOOD - HERTS - ELSTREE 3636 
Agents for British Commonwealth Countries: Plessey International Limited - Ilford « Essex - Ilford 3040 





@ MAL 2 
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VACUUM OVENS 
DOUBLE ENDED 





Made throughout in polished 
stainless steel. 


Single action door openings 


Rectangular with shelf spac- 
ings to suit. 


Double ended controls. 


Electrical interlocking of air 
inlet and isolation vaive. 


Outer cover hermetically 
sealed. 


Temperature Range 
°—300°C or equivalent F. 


Temperature Control: 
Normal +73°C. 
Special + 1°C. 


Internal Spacing 7” x8” x 18” 
(can be altered to special 
requirements). 


Vacuum Range to 10-4 mm. 


Respective Vacuum Gauges 
incorporated. 
valve 


Automatic air inlet 


backing Pump. 


Visual Indicators and fuses on 
all switches. 


Flanged for fitting into Dry 
Box. 





wey, 


¢ o 
7 co. 


We design and manufacture Ovens to Customers’ 
special requirements. Should you have any problems 
in this field, our Technical Department is always willing 
to help you solve them. 


Vacuum Ovens with temperature of up to 600°C are 
also manufactured by us on similar lines but with 
Sectional Heating and Water-Cooled Ends. 


VACWELL ENGINEERING CO. LTD. 


WILLOW LANE, MITCHAM, SURREY 
Tel: MiTcham 82I! 


SPECIALISTS IN DESIGN & MANUFACTURE OF VACUUM EQUIPMENT 
CPLR Ne SENTRA MANDEL EES ps 
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Wire Strippers 


LUC ELECTRICALLY 
HEATED 
Strips thermoplastic 
& rubber insulation 
without effort 












No damage 
to cable core 
or wire screen 


ERSA Soldering Appliances 


Minitype SOLDERING NEEDLES with 
screwed-in elements; 10, 20, 30 W., 
for finest electronic work 





SOLDERING PENCILS 20, 30, 50W., for the 
Assembly Line and the Service Engineer 





Also available, SOLDERING BATHS for 
Printed Circuits and for the Tinning of 
Enamelled Wire 


WTC Comprehensive Tool Range 


for Electric, Electronic and Allied 
Industries 


Box Joint Wiring Pliers, Sidecutting and Frontcutting Nippers, 

Special Pliers for tipcutting, securing circlips and thermo- 
shunting. 

Printed Circuit Pliers for crimping and cutting, bending and 
cutting. 

Wirestrippers, hand and bench type. 

Inner Core Ejectors for screened cables. 

Chrome-Vanadium Box Spanner and Screwdrivers, also with 
flexible shaft. 

Torque Wrenches and Torque Screwdrivers. 

Standard Piercing Punches, Ejector Pins, Locating Pins. 

Spring Tension Pins, Bushes, Sleeves, Bolts. 

Hard Needle Files, Diamond Files, Laps and Wheels. 


Apply for Catalogues EE! 


WELWYN TOOL Co. Ltd. 


Stonehills House 


WELWYN GARDEN CITY 


Phone: Welwyn Garden 5403-4 


HERTS 
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NEW ALL-PURPOSE D.C.AMPLIFIERS 






FOR COMPUTING OR PROCESS CONTROL 
SIZE ONLY It INCHES X 64 INCHES X lit INCHES 




















Dimensions standard for all types. 
19-inch rack mounting available. 
Printed Circuit reliability at low cost. 
Simple power supplies. 
Companion Power Supply Units available. 
Low power consumption. 
High or low power output models, with or without drift correctors. 
Low power version, used as analogue computer operational amplifier, 
has these exceptional characteristics: 
Long Term Drift referred to input grid—less than 100 /V. 
Output Swing—not less than + 100 V into 10,000 ohms. 
Open Loop Gain—25,000,000. 
High power version is similar but Output Swing is not less than 
+ 100 V into 1,500 ohms. 
Simple true-overload indicator on front panel for easy reference. 
Zero-setting quick and easy. 


TRAINERS LINK LTD 


by : ER ee oe on ae a a ae 


TELEGRAMS: TRAINAIR, AYLESBURY 


Buc kK §& 








TELEPHONE: AYLESBURY 4611/7. 





This new Sit-Down Shotblast Machine is way out in{front. 
Designed for day long blasting it is particularly suitable for 
female operators, eliminating fatigue and increasing production. 
Already installed by leading industrial establishments and proved 
beyond doubt a time saver and a production asset, we have no 
hesitation in recommending the new SBP/4!1 Shotblast Machine 
to all manufacturers requiring to clean, de-rust, de-scale and 
matt-finish metal prior to metal spraying, painting etc. What 
more could you wish for ? 


BY GUYSON — IT’S GOOD 


Send for Leaflet SBP/41 (A) today. 


See us at Stand No. 58, Plastics Exhibition, 
Olympia, June 17th-27th. 





——————— 


INDUSTRIAL EQUIPMENT LTD. 
Tel. 2456 


GUYSON 
North Avenue, Otley, Yorks. 


—=GHuyson— 
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accuracy 
is essential 


—specify 


(nickel-chrome) 







(cupro-nickel) 


resistance wires and tapes 
for all types of resistor 


*‘Vacrom’ and ‘Eureka’ are supplied fully annealed in either a bright 
or oxydised finish in accordance with British Standard specifications 
or to customers’ own special requirements. 


insulated wires 


‘Vacrom’ and ‘Eureka’ resistance wires can be supplied bare or with bare wires 


standard coverings of cotton, silk, rayon, enamel and glass. 


aL W 
a 


THE LONDON ELECTRIC WIRE COMPANY AND SMITHS LIMITED LEYTON LONDON, E.10 
VACTITE WIRE COMPANY LIMITED 75 ST. SIMON STREET SALFORD 3 LANCS. 
L/VI 
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AUTOMAT. 





micr 


Precision miniature components 





TRANSFORMERS 


D.C. 
EQUIPMENT 


Ve best you COM buy! 


y [i Be. 


AUTOMAT - MOORSIDE RD - SWINTON- MANCHESTER 
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Vfor electronic equipm 
Cristal Microphones S... 
Miniature Volume Controls and Switche 
Small Transformers and Toroidaf*Transtormers 
Plug Sockets for miniature tubes and transistors 









Write for catalogue and information 
MICRO-ELECTRIC LTD. — Zurich 52 — Switzerland 


Photocopying} 


equipment designed specially for: 
@ TECHNICAL LIBRARY be 
@ RESEARCH WORK f 
i 














@ OFFICE OR PERSONAL USE 
These are just three of many applications demanding 
Contoura versatility, based on exceptionally efficient 
copying of pages in books and periodicals, how- 
ever bulky. This is photocopying made both simple 
and inexpensive. 


CONTOURA PHOTOCOPIERS 
qto. £12./19. fscp. £18/30, 
double—fscp. £30/45. 


CONSTAT PROCESSORS 
(copies in 40 secs. by ‘‘trans- 
fer’’ method)—9 £20, 14” £25 


CONTOURA ‘ 
PHOTOCOPYING LTD., >. 
52a Cromwell Rd., London S.W.7. 


KNightsbridge 8860 
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ee col we ELECTRONIC INDUSTRY ARE MADE ON THE 


te 





APM 21 -— 


HAND OPERATED BENCH 
INJECTION 


MOULDING MACHINE 


SEE OUR EXHIBIT - STAND No. 10 


INTERNATIONAL PLASTICS 
EXHIBITION 


OLYMPIA - JUNE [7th - 27th 























Particulars from 


ASMIDAR PLASTIC MOULDING MACHINES LTD. 


10 TACHBROOK STREET, S.W.I. Telephone: ViCtoria 5554 




















The Flamemaster 
hand torch 


% FLAMEMASTER is a registered trade name of STONE-CHANCE Ltd. 


tne Stone-Chance FLAMEMASTER Is now distributed only by 

Buck and Hickman Ltd. 
This famous little tool remains unchanged in design and is 
invaluable for all glass working, metal brazing and soldering. It is 
made and will continue to be made by Stone-Chance, but your 
enquiries and orders should now be addressed to :— 


BUCK & HICKMAN LTD. 


2 Whitechapel! Road, London, E.1 
also at Birmingham, Bristol, Glasgow, Leeds and Manchester 


Stone-Chance Ltd., 28 St. James's Square, London, S.W.1 
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MINIATURE STABILIZED 


POWER UNIT 


TECHNICAL SPECIFICATION 





Mains Input : 200-250v AC 

Outputs : Two 4-pin sockets 

Output DC Current : 0-100 mA shared between sockets 
Output DC Voltages : 150v 200v 250v 

Regulation : 0-15% 0°025% 0°025% 

Voltage stabilization Ratio : 0°1/5 0°075/5 0-075/5 

Ripple : Less than 0°-4mv RMS on full load 
AC Output : 6°3V, 2A at each socket 

Size : 5}’ x 5}’ x 5}’ PAMPHLET No. 1241b ON REQUEST 
Weight : Approximately 9} Ibs, 

Delivery : Early delivery can be given 


Other voltages within the range -150-250v can be supplied to order. 


By means of simple links, one unit can provide any one of three output voltages. 


BARR & STROUD LTD. nincietinnairatoue, tran wat tos. Ww: 











TWIN QUADRANT 
FADER by 


A new instrument providing two 
independent networks in a cut out 
5” X 1.13/32". 


(lluminated scales with colour change 
when arm reaches a 
predetermined position. 


Simple withdrawal of networks. 


Three auxiliary change over contacts 
per network. 


NOW IN PRODUCTION 





ELECTRONIC 


WEEDON ROAD INDUSTRIAL ESTATE he re) 
TELEPHONE NORTHAMPTON 2467: & 1873 
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" ‘Bullers ceramics 


FOR INDUSTRY 





_ 





High quality material and 
dimensional precision are 
attributes of Bullers die- 
pressed products. 

Prompt delivery at com- 
petitive prices. 





We specialise in the manufacture of 








PORCELAIN 

for general insulation 
REFRACTORIES 

for high-temperature insulation 
FREQUELEX 

for high-frequency insulation 
PERMALEX & TEMPLEX 

for capacitors dines 








= BULLERS LIMITED 


MILTON - STOKE-ON-TRENT - STAFFS 

Phone: Stoke-on-Trent 5432! (5 lines) - Telegrams & Cables: Bullers, Stoke-on-Trent = 
Ironworks: TIPTON, STAFFS London Office : 6 LAURENCE POUNTNEY HILL, E.C.4 y= 

— =" Phone: Tipton 1691 Phone: MANsion House 9971 — 
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“To a chap like me— 
ena i'm proud of my work— my penclil’s 
my living. 
The pencils | use have to stand up to fast 
hard work, their grading’s got to 
be absolutely spot on—not almost 
or nearly but bang on the dot every 
time. 
The leads must hold their points 
and flow smoothly throughout a long line — 
no crumbling or ‘clinkers’ mark you! — 
and if | erase a line It must go cleanly — 
there's no ‘furrow’ left In my paper 
so you won't find ghost lines in prints 
made off my drawings. As a matter of 
fact you can tell from a print when it is 
my drawing —the print’s always first class.” 


‘What pencils do | use?” 


“Venus drawing pencils of course, the ones 
with the crackle finish !— how else 
do you think | keep up my high standard?" 


& 

WENUS 
DRAWING 
WY PENCILS 


* VENUS Drawing Pencils are made in 17 accurate 
grades from 9H to 6B. 


VHE VENUS PENCIL CO., LTD., LOWER CLAPTON ROAD, LONDON ES. 


ELECTRONIC: ENGINEERING 
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cool and 
calculated 






KEITH BLACKMAN 


Cooling problems, even in the smallest and most complicated 
assemblies, are not new problems to Keith Blackman who 
have made a calculated study of fans and their uses for over 
76 years. Write for publication No. 41/3 describing several 
interesting fans and blowers suitable for the electronics 
industry. 








6?” Axial 6” Propeller 














small fans and blowers 


Centrifugal - Axial - Propeller 


Keith Blackman Ltd 


MILL MEAD ROAD - LONDON NI7 
Telephone: TOTenham 4522 1409/952 
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Over 5,000,000 @j Permanent Magnets are manufactured 


each year in this Modern & Efficient Factory 











LOUD SPEAKER 
MAGNETS 


im Alcomax 





& Semi-Columnar Alicomax 








% Write for literature 


PM 108/56—Loud Speaker Magnets. 


PM 169/57—Semi-Columnar 
Alcomax Magnets. 


Bulletin M 10/57—Eclipse Shell-Moulded 
Permanent Magnets. 


Made by the designers & manufacturers of Eclipse permanent magnets & chucks 


JAMES NEILL & CO. (SHEFFIELD) LTD + SHEFFIELD - ENGLAND 
M 21 











—— ee ee 


ie 


/ Fahrication? ~. 
( take my advice — 
\ see Spencers! i 


\ ee eS rn a on 


be — ae ee oe 



















‘Quite frankly, you'll find Spencer’s hard 
to beat when it comes to special fabrications— 
be they in mild or stainless steel, or light alloys. 


“Spencers have a breadth of experience 
whichf gives them a versatility and flexibility 
which is mighty useful to such as you and me. 
You see, a problem solved for a customer in one 
field often helps the solution of a quite different 
problem in some other direction. 








*‘No matter what fabrication problem we’ve 
had, somehow Spencers haveJalways come up 
with the answer. Can you wonder | advise you 
to get in touch with them? Believe me, a job 
done by Spencers is a job well done ”’ 





Typical of the scope of our service to industry is this 
cabinet for switchgear and many types of electronic 


SPENCER & SONS nner 


This particular cabinet was made as a switchgear 





(MARKET HARBOROUGH) LTD. cabinet for a large Electrical Engineering concern in the 
: : : : Midlands, but sizes and styles of such cabinets can be 
Fabrications in Steel and light Alloys developed to suit customers requirements. 
SPENCER & SONS (Market Harborough) LTD., GREAT BOWDEN RD., MARKET HARBOROUGH Tel. 2651/2 
EE 10 188 for further details 
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RESISTANCE WIRES AND TAPES 
of highest grade 


Fully complying with relevant British Standards 
in 
Nickel Chromium 
Nickel Chromium Iron 


Copper Nickel 
Pure Nickel 


also 


Stainless Steel 
and 


Fine Titanium 


Resistance wires supplied down to 0.0006” 


| 


ALLOY WIRE CO. LTD. 


Lawrence Lane, Old Hill, Staffs. 


Telephone: Cradley Heath 66775. 


and with characteristics 
suitable for vitreous enamelling 














1 Telegrams: Wireloy, Cradley Heath 








Fuselinks with 
glass or ceramic 
bodies provide 

a wide choice of 
characteristics, 
including those 
needed in 
electronic 
circuitry, 

in circuits 
carrying 
momentary 
surges or high 
prospective 
overloads, 

and in aircraft 
electrical 
equipment. 
Fuseboxes and fuse- 
holders of many types 
,are also available. 


& FUSE- 
HOLDERS 


pocorn 


at verat:- LTD | 


GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX ENGLAND 








Telephone : Enfield 3322 - Telegrams: Radiobel, Enfield 
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Manufacturers of all types of ay 


INSTRUMENT CASES 
and CHASSIS i: 2 merais 











GENERAL SHEET METAL WORK 








Telephone : Acorn | 153-4 









WM, 


S 

| ; 
x 

7 | 


WM 








Designed 

to measure 
short pulses 
of heavy 
current 











The standard instrument has 6 ranges covering readings 
of 500 to 100,000 amps. The readings are obtained by 
the use of toroids which can be split and placed around 
the heavy current conductor. Indication is stored, 
enabling readings to be taken minutes after the weld is 
made. Can be used with welders employing syn- 
chronous and non-synchronous and energy storage 
controls. 






Write for 
full details 


HIRST ELECTRONIC LTD. 


GATWICK ROAD, CRAWLEY, SUSSEX 


STi 
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proving wing strength 


Today’s rapid increase in the speed of aircraft 
has made engineers accutely aware of 
vibration and structural testing which is 
necessary before an aircraft can take the air. 
Dobbie Mcinnes (Electronics) Ltd. recently 
supplied electronic equipment for static 


Dobbie McInnes (Electronics) Ltd. 


55, Kelvin Avenue, Hillington, Glasgow 
Telephone: Halfway 3364 

4, The Mount, Guildford, Surrey 
Telephone: Guildford 66385 


investigation into the wing structure of the 
Vickers Vanguard, shortly to be put into 
service with two leading world airlines. 































Ae I aaa EE 10195 for further details 
ay . 4 Fordelivery SERVO AND ELECTRONIC SALES LTD., 
MAGSLI pe ex stock |, HOPTON PARADE, STREATHAM HIGH RD., 
S from:— LONDON, S.W.16. Tel: STReatham 6165 
j L A TE u AP1372 AP10428 AP10855 
t Transmitter  AP6547 AP10852 AP11100 AP6550 AP10965 AP10738 
FTs. API1101 
é Transmitter AP10456 
i TO THE SY-L Transmitter AP10637 AP10638 AP10866 AP11123 
Coincidence OSSTISA 
a RY Coincidence = AP 10629 AP10636 AP10682 AP10739 AP11112 
IN D US T Le AP10954 
CT RO N ee AP10747 AP10952 
E L E F.T. Transmitter AP10687 AP10689  AP10741 AP10742 AP10742M 
Hunter inedg AP6548B AP10854 


.  AP3946 
S.A.Hunter AP6548 AP10731 AP10865 AP10645 AP10732 AP10872 
M.C. Hunter AP6548A AP10735 AP10938 AP10646 AP10870 AP10964 
SY-L Hunter OS1901A OS1902A 


ER, GOLD and 


RHODIUM, = Components. 


Specialising 0 OT or Electroni AP10640 AP10859 AP10861 : 
HARD GOLD plating = Resolver APIO8S8 AP10860 AP10966 AP10874 
TIN C . Receiver SHAZ3A AP6549 AP6549A 
ATLAS age the Ideal — Motor and APIOG@2 API0643, AP10862  APIO743_ AP10877 OS3255A 
e eas! Generator 0940 
It has a P 


is well establish 
h for instrum 








ent Par d is easily cleaned. MANY OTHER TYPES AVAILABLE. YOUR ENQUIRIES ARE WELCOMED 
















pore which is durable an SERVO SYSTEMS AND COMPONENT BROCHURE SENT ON REQUEST 
colo 
s ELECTRO © il 
-_ Matt, Semi-bright he ad D E N E 
This finish nr Pi an excellent con 
Polished pro Chrome. 


the Atlas Satin 


STEPPING 
RELAY 


A.C. or D.C. 
with ZERO RESET 











=e PATNA TTT AQ | 


w : 
Avenue Rd ORKS Lp, or for continuous rotation 
Tahoe Acton, London, W.3 
eleph : . ' 
one + ACOrn 1102 D. ROBINSON and Co. mee 
pee 717 LONDON ROAD, HOUNSLOW, MIDDx. [ae 
Ssaea Se acvisanes Tel.: HOUnslow 6266; 6267 & 8338 E.2: 
EE 10 194 for further details : ae si wn EE 10 196 for further details 
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Endl We tH aH 5 


Specialists in Sub-miniature Telecommunication 
Components 
STAND-OFF 
INSULATOR 


For 1500 volts working 
Overall height 1.1” 
Over chassis .86” 
Silver plated tinned 

4 : spill .35” 

4 6 BA_ hexagon stud, 
BASED UPON oy 4 chromium plated 


NEWCASTLE UPON TYNE & GLASGOW —— Illustrations are 


approximately actual size 


WE CAN ADVISE UPON, ees 
MINITRIMMER 
INSTALL AND SE RVI \“ E tHe aie einen ont 
i } 13 pF 
olta 
ELECTRONIC EQUIPMENT ‘ny YOUR ein © deeaen — 
fixing centres for 10 BA 


FACTORIES OR YOUR SHIPS }” apart. 


MURRAY SWAN SONS 


& COMPANY LIMITED 


HERIOT HOUSE, SUMMERHILL TERRACE, 
NEWCASTLE UPON TYNE 


Also at 779 ARGYLE STREET, GLASGOW, C.3 MARINE DEVELOPMENTS CO. LTD. 
ULVERSTON NORTH LANCS  7e/: Ulversten3306 


Details from:— 
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STABILIZE your AC MAINS with the finest PRESSINGS AND WIRE SHAPES 


equipment, at a fraction of the normal cost :— 


FERRANTI 7}-KVA MOVING COIL In all metals to the finest limits for 
AUTOMATIC VOLTAGE REGULATORS the El ; doth 

e , 

Any stabilized output voltage in the range 200-250V can ectronics and other Industries. 


be selected by plug-board tappings. The selected output a 
voltage is automatically maintained constant within 4%, Large or small quantities. 
at all loads 0 to 30/374 amps, when the supply voltage is 
varying over the range +8% to —12%. 


@ Frequency compensated 45-55 and 54-66 c/s. 
@ Excellent output wave-form. K e Cc e Cc LIPS L T D. 
@ Can also be used as a variable transformer. Moat Farm Works 

’ 


@ Unused. Complete with spares and Instruction Book. 


P. B. CRAWSHAY, 
94, Pixmore Way, Letchworth, Herts. Phone I85l. | _ Telephone : Alcester 119. 


ACRU NEON woe LAMPS 


Used by most Electronic Engineering firms through- —~ 
out the world. 

Supplied with one-hole fixing. 

Average life 25,000 hours. 

There are over twenty-five models. 

Voltages from 60 to 440. 


Ask for details of our new S.E.S and M.C.C. fittings. 
ACRU ELECTRIC TOOL MFG. CO. LTD. 


Acru Works, Demmings Road, Councillor 
Lane, Cheadle, Cheshire. Tel., GATLEY 6058 








King’s Coughton, Alcester, Warwickshire 
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Hectronic | 
Engineering 


READER INFORMATION 
SERVICE 


If you would like to receive further 
information about any item adver- 
tised, or mentioned in the Electronic 
Equipment section, in this issue 
simply enter the appropriate ref- 
erence number(s) on one of the 
cards opposite and post to “Electro- 
nic Engineering” (no postage stamp 
necessary if posted in Great Britain 
or Northern Ireland but overseas 
readers must stamp the card). We 
will contact the manufacturer or 
supplier concerned. No obligation 
is incurred, 


Si vous désirez recevoir des ren- 
seignements complémentaires sur 
tout article annoncé, ou mentionné 
dans la section de l’Equipement 
Electronique, dans ce numéro, il vous 
suffira d’insérer le numéro (ou les 
numéros) de référence appropriés sur 
l'une des cartes ci-contre et d’adresser 
la carte 4 “Electronic Engineering” 
(ne pas manquer d’affranchir). Nous 
nous mettrons en rapports avec le 
fabricant ou fournisseur intéressé. 
Cela ne vous engage aucunement. 


Fails Sie iiber irgendwelche Artikel 
die in unserem Inserat oder im Teil 
‘Electronic Equipment’ (Elektro- 
nisches Ausriistungsmaterial) dieser 
Ausgabe erwahnt sind weitere Aus- 
kiinfte wiinschen, bitten wir Sie die 
betreffende Referenznummer oder- 
nummern einfach auf eine der Karten 
gegeniiber einzutragen und dieselbe 
an “Electronic Engineering” (Brief- 
marke erforderlich) abzusenden. Wir 
werden uns mit dem betreffenden 
Fabrikanten oder Lieferantem in 
Verbindung setzen. Dies ist fiir Sie 
volistandig unverbindlich. 


Ecam atatenb semaeT umeTb Gonee 
noypoe6unie CBeqMHHA O mMposyRTax, 
YOOMAHYTHX B OODABNeCEMAX HIM B 
TeKcTe pasfqena ‘‘Onextponnoe O6o- 
pyfopanne’* HacTOAnIero HOMepa, mpo- 
CHM OTMCTHTL CChINaeMBli HOMep(a) Ha 
OHO M3 KapTO¥eK M OTIMPaBKTL ee 
(onmayenHoM moyronof MapKOi) mo 
ampecy “Electronic Engineering.” Mu 
cBAmem untTaTena, 6e3 BcnaKoro o6n3a- 
TEMLCTBA C efO CTOPOHEI, C COOTBeTCT- 
Byomei dupmoi dabpukanTos num 
MOCTaBLIMKOB, 















READER INFORMATION 
SERVICE 


Electronic 





Engineering 


Please arrange for me to receive further details about the products, the reférence number(s) of which 
| have entered below. 
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READER INFORMATION 
SERVICE 


Hectronic 





Engineering 


Please arrange for me to receive further detaiis about the products, the reference number(s) of which 
. | have entered below. 
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BUSINESS REPLY CARD 
Licence No. 597 


MORGAN BROTHERS (rvstisuers) LTD., 
28 ESSEX STREET, 
STRAND, LONDON, W.C.2. 
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TH == 


“54” —< om ae | 
k 


aw Sa reine 
DRAWER 


UNIT 


ALL STEEL 
Stove 
Enamelled 


ma 


OVERALL 
SIZE 
42” HIGH 


36” WIDE 
12” DEEP 








. 7 
Contains 54 of these drawers, 
each 5” wide 3” high 11}” long. 


54 dividers and 54 drawer cards, 
with each unit. Extra divider | 
6d. each. 


£ I 8 DELIVERED FREE to 
ENGLAND, SCOTLAND AND WAL 


SEND FOR SAMPLE DRAWER 


N. C. BROWN LTD. 


EQUIPMENT WING . HEYWOOD . LANCS. 





















Telephone: Heywood 69018 (6 lines) 





Important Announcement 
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DALE ELECTRONICS 


LIMITED 


IMPORTERS AND » SUPPLIERS 


























Sis & 


AND SCIENTIFIC EQUIPMENT 
>EXPRESS-SERV-IGE> 
Government and Municipal 
Contractors 
DALE ELECTRONICS LIMITED 


109 JERMYN STREET, LONDON S.W.! : 
Telephone: WHITEHALL 4856 Cables: IMPDALE LONDON 
AND AT FRINTON-ON-SEA. ESSEX 














Associates in 
NEW YORK, CHICAGO AND CALIFORNIA 














/ 


_ Techniques 


Full production backed up by a 
comprehensive Design and rapid 
Prototype Service, from the smallest 
possible Transformers and Windings 

to normal sizes, using up to 52 s.w.g. wire. 





AID APPROVED 








—Miniature Transformer ¢3 SS... 


THE BELCLERE CO. 
I71 COWLEY ROAD OXFORD 


Phone Oxford 3430 & 3432 













{ip 


FOR THE G.W.- ELECTRONICS 
AND AIRCRAFT INDUSTRIES 


@ OPEN TYPES 
@ CANNED TYPES 


@ RESIN 
ENCAPSULATED 


@ VACUUM 
IMPREGNATED 


@ SUB-MINIATURE 
(or smaller) 






Cables Belclere Oxford 
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Ideal for measuring the amplitude of voltage 
pulses in nuclear laboratories. It transmits 
only pulses with amplitudes inside a 
pre-selected voltage range. Seven channel 
widths are available. 


Write for further details of this and other 
Dynatron instruments. 

Dynatron Nucleonic & Electronic Division 
Maidenhead, Berks. Telephone Maidenhead 2161 


Scalers - Pulse Analysers - Power Units - Probe Units - Pulse Amplifiers - Instrument Racks 


DYNATRON 
flexible 
single 
channel 
PULSE 
ANALYSER 


Type N 101 


SPECIFICATION 


Input Pulse : - a jaa . Positive 
Pulse Duration: Minimum 0.2us (with delay 
line clipping). 0.4us (with RC clipping). 
Minimum 1000us. 

Amplitude: Range of measurement 5-50v 
(can be extended by extra bias supply con- 
nected to terminals on front panel). 
Paralysis Level: 100 volt above bias setting 
Output Pulse si aa Positive 
Amplitude on open circuit 20 volt; with 100 
ohm load, 4v. Length 0.7us. 
Overall Dead Time . Less than lps. 
Channel Widths: 4, 1, 14, 2, 3, 5, 74v, selected 
by a switch. 

Accuraey + 2%. Stability + 1%. 
Accuracy . Pulse height + 2% 








ROTATES OR RECIPROCATES 
MECHANICALLY OR 
ELECTRICALLY 


COUNT ON... 


COMPANY LIMITED 


MILLTOWN ST., RADCLIFFE 
MANCHESTER 
TELEPHONE: RADCLIFFE 2675 


Nr. 
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o%e%e 
Peters 
RRO 

C 5327 








RAPID MEASUREMENT OF r,, g,,., and u 


e 
@ INTERNAL OSCILLATOR AND 
DETECTOR 


@ WIDE RANGE 


Send for Illustrated Brochure 


THERMIONIC 


VALVE BRIDGE 


TYPE I! 


@ ACCURACY 2% 


TELECOMMUNICATION 
INSTRUMENTS LIMITED 


Dept. M.E.E. Great Yarmouth, England 
Telephone: Great Yarmouth 4941 
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Technical facts and sound 
business judgement both say it’s 


FOR 





Today, we of Brandauer are among the 


BRANDAUER 
Beryitium 
Copper PRESSINGS 





TO VERY 
CLOSE 
TOLERANCES 








FOUR SLIDE WORK 





sitive ‘ 
delay { largest and most sought-after fabricators OF THE UTMOST PRECISION 
, of beryllium copper pressings in Britain is also a helpful part of our service. 
: —thanks to a hundred years of heat = are on stocks of — 
* sali ey enable us to quote early 
5-50v treatment experience, specialised plant, deliveries for most pressings and com- 
ae OG and ten years of research. Being crafts- petitive prices ‘for all. In short, 
men, experts, and indeed enthusiasts in —— = B ego er ce 
: . agr that tor time an 
tting beryllium copper, we work with quality and price—choose Brandauer, 
sitive extreme precision, and in certain May we send you samples and further 
-h 100 circumstances regularly maintain an information? 
accuracy of + .00025”. All our com- We also specialise in precision press- 
7: ings manufactured from all ferrous 
nN lus. | ponents are of course made to and non-ferrous materials including 
ected customers own requirements. the cupro-nickel alloys. 
# Cc. BRANDAUER & COMPANY LTD. Es:. /862 
+ 2% _ 401 New John Street West, BIRMINGHAM 19. Telephone: ASTon Cross 3818 
—- A-I-D APPROVED 













SYNTHETIC RESIN BONDED LAMINATE 











| brings you 
| MATERIAL SOLUTIONS 


to your 


| 
.| | CURRENT PROBLEMS 


. . . because the range of PIRTOID Paper and 
Fabric base laminates affords all the machining 
qualities needed with consistent uniform dielec- 
tric and mechanical strength. Read this 
booklet, sent gladly on request. 








N H. CLARKE & CO. (MANCHESTER) LTD 








. Atlas Works «: Patricroft - Manchester 
| 
Telephone Nos, ECCLES 5301-2-3-4-5 
a dm CK4 
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A. C. SOLENOID TYPE SBM | plrecision — 


Continuous 33? Ibs. at 1” ral WoRk 


Instantaneous to 16 lbs. 
sg ° CASEs 


















Smaller sizes available 


Also- Transformers to 7kVA 
3 phase 


Curren tilcenti Cc. i pass! 
100/5 . 2000/5 ABINETS cH 


All classes P. D. OVERELL 
& CO. LTD. 
R. A. WEBBER LTD. WINDMILL ROAD - HAMPTON HILL - MIDDLESEX. 


{8 FOREST ROAD, KINGSWOOD, BRISTOL. PHONE 67-4065 Tel : Molesey 287 

















HIGH IMPEDANCE ELECTRONIC 
TEST METER VO8C 


A new Valve Voltmeter having 42 ranges from 1.5 volts F.S.D. to 
I Kv. D.C. A.C. and R.F. including 12 D.C. current ranges commenc- 
ing at 0.15 wa F.S.D. and 6 resistance ranges extending to 500 
megohms. 

A low capacity thermionic diode Probe provides a level response 
extending to 200 mc/s. 

A balanced bridge circuit is employed. Both grids may be isolated 
from the internal divider network enabling balanced or unbalanced 
measurements to be taken across an external high impedance source. 


SWAN ELECTRONICS 


75, Bellenden Road, London, S.E.15. Tel: New Cross 7136 
EE 10212 for further details 























An “Electronic Engineering’ monograph 


RESISTANCE STRAIN GAUGES 


By J. Yarnell, B.Sc., A.Inst P. 


Price 12/6 
(Postage 6d.) 


This book deals in a practical manner with the construction and application of 
resistance gauges and with the most commonly used circuits and apparatus. 
The strain-gauge rosette, which is finding ever wider application, is treated 
comprehensively, and is introduced by a short exposition of the theory of 
stress and strain in a surface. 


Order your copy through your Bookseller or direct from :— 


Hectronic Engineering 


28 ESSEX STREET, STRAND, LONDON, W.C.2. 
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eN The NEW 


PENDEFORD MULTIMETER 


LIGHT IN WEIGHT—SIMPLE TO OPERATE— VERSATILE 










































Make checks in situ at different locations with varying problems, quickly and easily 
with this new Multimeter. Just plug-in the appropriate transducer, set the 6-position 
selector switch and read off pressure, tension, load, strain or displacement on the 
directly calibrated scale. In addition, recording or control can be carried out and the 
instrument is provided with an electrical output for this purpose. 




















LTD. 
~ ‘ 
SEX. | SPECIFICATION 
Energising supply : 5.0 v.; Max. current 200 mA ;Frequency | Kc’s; 


| Electrical output + 0.15 mA full scale into 1,500 ohms load ; 
| Mains supply 200-250 v. 50 c/s; Dimensions 15” x 9” x 6” deep; Weight (approx.) 20 Ib. 


Why not write us for full details of the new Multimeter and our new type 
transducers ? All are specially designed to simplify testing. 
























A SELF-CONTAINED 
PORTABLE SYSTEM ' 
OF INSTRUMENTATION aie Sh T cailienilieiere Sor pun with thule Palaiatinrs mauler. i aad i an 


POR ees OR ee 


BOULTON PAUL AIRCRAFT LTO., WOLVERHAMPTON. 











| PRECISION INSTRUMENT SWITCH 
Type S.P.LI. 


These switches are designed for use in conditions 
where robustness, reliability, low contact resistance 
and long service are required. They are intended 
primarily for use in precision resistance units, strain 
gauge selection, and thermocouple work. 


} The 4,” diameter stud contacts are made of hard 
copper and the multileaf self cleaning brush is phosphor 
bronze. 


Standard types single or multi-pole at an 
economic price in a large variety of forms avail- 
able from stock. 


% LOW INVARIABLE CONTACT RESISTANCE 
%* NEGLIGIBLE THERMAL E.M.Fs. 
%* MULTI-POLE TYPES AVAILABLE 








= 


For full details please request leaflet No. 64. 


CROYDON PRECISION INSTRUMENT CO. 


HAMPTON ROAD -. WEST CROYDON . SURREY ~~ Telephone: THORNTON HEATH 4025 
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It’s ’ a 








automatic 
_ nowadays 
to 


specify 





ELECTRIC CLUTCH & BRAKE UNITS 


Autronic Electric Clutch and Brake Units make radical increases in production 


and man-efficiency . . . by giving remote or automatic control plus these 
mechanical advantages :— 
e@ Oil-immersed or mist operation. 
Cushi d even at full load take-up. 





e gag 
e@ Negligible wear. 

e@ No working adjustment necessary. 

e@ No snatch. 

@ Quicker, smoother starting and stopping. 


Torque capacity of standard units up to 264 Ib. ft. Instrument-type, controlled 
slip and reversing gear boxes also available. Most models and sizes ex-stock. 


For no-obligation details—and advice—contact:— 


AUTRONIC 


DEVELOPMENTS LTD 





CRAWLEY RD - NEWPORT PAGNELL - BUCKS - ENGLAND Telephone 401/402 



























~ PIW dia. 27 


20 Watt Max. 
Range 1!-500,000 ohms. 
Data Sheet No.5 


from the 
famous 
range of 


» 
POTENTIOMETERS 


Between the latest miniature type ‘MW’ and the 
heavy duty type ‘PIW’ is a range of models that 
completely meets the exacting demands of today's 
electronics and automation. 


The standard ‘RELIANCE’ range covers from | to 
500,000 ohms and includes linear, log, semi-log and 
non inductive types, and depending on character- 
istics ratings up to 20 watts. 


RELIANCE MANUFACTURING CO. (SOUTHWARK) LTD. 


SUTHERLAND ROAD: HIGHAM HILL 
WALTHAMSTOW - LONDON - E:I7 
Telephone: No. (and cables) LARkswood 3245 


» MW via.33” 

| Watt Max. ‘ 

Range 5-50,000 ohms. 
GD.12 Dato Sheet No.! 
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High Vacuum 
Equipment 


oo To 


THE NEW N’'G'N CATALOGUE 
IS WELL WORTH HAVING 


It details a full range of 
components and equipment 
specially designed for the 
High Vacuum Industry, and 
produced to the Industry’s 
own stringent standards. 


Send now for your copy to— 
N’G'N ELECTRICAL LIMITED 


AVENUE PARADE 
ACCRINGTON 


TELEPHONE ACCRINGTON 5611-2 


oS 
eso dddododdcc cacao do ccaadac 


aaonegooaeaaaaegqooaaqangs 


Users of high vacuum equipment are invited 
to request a visit from Mr. H. J. Perry. 





s Sar SS EE TTS UN, 


HAVE YOU ~ 
3A COMPONENT - 
PROBLEM? : 
Pressed, Fabricated and Deep S 
Drawn Components for the = 
Electronic and Radio Indus- : 
tries are our business; what- *~ 
ever you need, Chassis, Cases, + 
Panels, Fixing Brackets, etc., > 
we can make them to your ‘s 
specification. ° 
MANY STANDARD , 
TOOLS IN STOCK 3 


We produce in:- 


Meruonsans BISESASLPAD EN GIN SILLY WR, 


STEEL - ALUMINIUM 
BRASS - PHOSPHOR BRONZE 
NICKEL SILVER 


Self colour, plated, and/or 
stove enamelled. 


Please send us your enquiry. 


SURREY STEEL 


COMPONENTS LTD 

74-76 Church Road, Barnes 
London SWI3 Phone RIV 6673/5 
SDSL SELVES 
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SERVO 


TEST GEAR 











Type 101, 102 
VERY LOW FREQUENCY GENERATORS 


Frequency range | cycle/3 hours—I00 c/s. Can be 
stopped and started at any point within the cycle 
without transient. Can also be used as a precision 
variable speed drive, modulator, servo response 
recorder. 





Type 121, 122, 123 
TRANSFER FUNCTION ANALYSERS 


Test frequency .02—250 c/s. Direct indication of 
phase angle and amplitude. Can be used directly for 
_testing of DC and AC servo-mechanisms, networks, 
modulators, and demodulators. 








Type 102, 103 

AUTOMATIC NYQUIST DIAGRAM PLOTTERS 
Shares with our Transfer Functior Analysers their 
unique versatility. A completely Nyquist frequency 
response plot can be produced on a 30 cm dia paper 
in as little as | min. 


SERVO CONSULTANTS LTD 
17, WOODFIELD ROAD, LONDON, W.9. 
Phone CUN 7073 
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At least 100 BRIBOND printed 
circuits will be used in the 
Solartron ‘ SPACE 48'—SPACE 
standing for Solartron Precision 
Anal Cc i ft. 











P — 





Se 


with Printed Circuits 


Gold prluted tor reliability 


Bribond Printed Circuits complement modern electronic 
planning and component manufacture. For Bribond 
have mastered the technique of double-sided Printed 
Circuits, with all the advantages of gold-plating and 
notation. Electronic engineers will be quick to appreciate 
the benefits of gold-plating to check corrosion and sim- 
plify soldering and of notation for ease of component 
insertion. These two advances are considered by Bribond 
to be essential for quality computor installations. 
Each individual circuit is subjected to rigid inspection 
at three vital stages of production, enabling us to offer a 
completely reliable service, both as regards quality and 
delivery. This appiies whether your order is for one or 
one thousand. 

Only by achieving this high standard can Bribond claim 
a place in the highly technical field of computor con- 
struction. We welcome the opportunity to collaborate 
with manufacturers and to provide the printed circuits 
that so greatly assist in the simplification of the 
complicated process of assembly. Send to the address 
below for full details and samples. 


48-hour Prototype Service 


A special Prototype Service can produce the initial experi- 
mental circuit on which final production can be planned. 
All we need is a clean circuit image, larger than actual size 


on a dimensionally stable drawing material. 


printed circuits 











cc 


BRIBOND LTD., BURGESS HILL, SUSSEX. Tel: Burgess Hill 85611! 
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Millivolts to 
| Milliamps 






Operating from a 200/250 V 50 c/s the 
Servo-Pot produces a d.c. milliampere output 
proportional to the d.c. millivolt input. 
Negligible current is drawn from the input 
source, 

It is designed for use with very low millivolt 
devices, e.g. thermocouples, providing power 
for indicators, recorders or controllers. 
Overall accuracy is +1% of input or +0.05 
millivolts, whichever is the greater. 


& 
. 


WSLOI uor%e 


weston 


SANGAMO WESTON LTD 


ENFIELD - MIDDLESEX - Phone ENFIELD 3434 (6 lines) & 1242 
(6 lines) - Grams: Sanwest Enfield 


LONDON * GLASGOW + MANCHESTER - NEWCASTLE-ON-TYNE + LEEDS + LIVERPOOL 
WOLVERHAMPTON + NOTTINGHAM + BRISTOL * SOUTHAMPTON 
Sw/82 
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For a quarter 
of a century 
Cinetra has 
catered for the 
exacting needs of the electronic industry, manufac- 
turing engineering products of the highest precision. 
A speciality is gear drives made to the finest tolerances, 
ensuring silent running with a virtual absence of 
backlash and with perfect angular accuracy. 


CINETRA MANUFACTURING CO. LTD 
12, OVAL ROAD LONDON, N.W.1I 
Telephone: GULliver 2353/4085 

















The Engineer 


BUYERS GUIDE 
1959 


CONTENTS 


Associations, Institutions and Societies 
connected with the Engineering Industry 
— Address Section — National Under- 
takings. Trade Names — Buyers Guide 
— U.K. Agents for Foreign Firms. 
Forthcoming Engineering and Industrial 
Exhibitions. Subscribers to ‘ The 
Engineer’ are sent one free copy. 
Additional copies now obtainable at 
7/6 each (postage 1/9) from 


The Engineer 


28 ESSEX STREET, STRAND, LONDON, W.C.2. 


Phone: CENtral 6565 





EE 10223 for further details 
JUNE 1959 











ther details 





<(JDDEN> the Power behind the Brain 







Tete: 





Behind the Electronic Brains in use today lie 
many Woden transformers supplying the power 
to motivate these electro-mechanical marvels. 








_ Recognition of the high technical qualities of 
sion. these transformers is universal—Woden supply 
nces, many of the major computor manufacturers for 
e of both digital and analogue types, amongst them 

IBM United Kingdom Limited. When perfect 


performance and reliability are needed, specify 
Woden transformers to power your equipment. 


MOXLEY ROAD, 
TRANSFORMER CO. LTO 
ws BILSTON, STAFFS. 







Photograph by courtesy of IBM United Kingdom 
Ltd., features their IBM 650 Electronic Data 


Phone: BILSTON 42681 Processing System. 

















—— 

| | [ | 
2s 7 
Y 
[fo 
le | 
Ss. 
e TYPE LZ-4A TYPE LZ-5A 
, Improved polycrystalline ceramic materials kp 0.600 0.540 
t for all piezoelectric applications including gramophone pickup elements, k31 ome _ Os a 

d -107 x 10 -140x 10 I/N 
| accelerometers and pressure cartridges, flaw detection probes and ks a om ek aad 
| high power ultrasonic transducers. Density 76 7.5 gramejcc 
Resistivity > 10 . >10 ~~ ohm. cm 
Mechanical Q 500 75 

| tan § 0.004 0.02 
.C.2. | WY z 

| SHORE ROAD: HYTHE > SOUTHAMPTON 

TELEPHONE: HYTHE (Southampton) 3031-2 CABLES: BRUDEV. HYTHE SOUTHAMPTON 
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We specialise in 





turning very small parts in 


P.T.F.E. and Brass, large or For use in miniaturised equipment, @.C.C. Type MG. 


small quantities to customers Quartz Crystal Units are available for the frequency 
ranges of 9 to 20 kc/s, and 65 to 130kc/s. 


special requiremen 
P pnroments The illustration above is full size. For full particulars, please 


ask for leaflet MG. 





olen FO ale Samples in each material When it’s crystals, think of Q.C.C. first ! 
ordinary pin head sent on request 
THE QUARTZ CRYSTAL Company Ltd. 
H DA N Electronic Components, Q.C.C. Works, Wellington Crescent, New Malden, Surrey 
J . * N ATT South View Rd., Danbury, Essex Telephone: MALden 0334 & 2788 Grams & Cables: Quartzco, New Malden 























MOULDED RUBBERS 
SERVICE 


Consult us with confidence. Our 
technical staff will gladly study and advise 
on your particular requirements. 

Our inspection organisation is fully 
A.I.D. and A.R.B. approved. 


THE HARBORO’ RUBBER CO.,LTD. Dainite Mills, Market Harborough. Tel: 2274/6. 


TN, 











The Whole Year Through 


for 36/- 


For this small sum “Electronic Engineering” 
will be delivered to you on the last Friday of 
every month for a year. Be sure of a regular 
supply of the industry’s leading technical journal 
by filling in the coupon, and either handing it to 
your newsagent or sending it direct to:— 


Hectronic Engineering 


28 ESSEX STREET, STRAND, LONDON, W.C.2 


| enclose 36/- as a remittance for |2 issues of 
“Electronic Engineering’. 
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PURE FUSED SILICA 







VITREOSIL 
TUBES AND SHEATHS 


Electric furnace construction is one of the many applications of 
these tubes which, when wound with resistance wire, make a simple 
and inexpensive furnace. Equipped with an inner Vitreosil tube, 
such furnaces are very useful for combustion and other analytical 
work. These tubes, supplied in sand-surface or glazed finish, are 
eminently suitable for temperatures up to 1050°C. Fused silica has 
the lowest coefficient of expansion of any manufactured material, 
and is most resistant to thermal shock. 


We also manufacture an extensive range of Vitreosil Laboratory Ware 


THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6, WALLSEND, NORTHUMBERLAND. Tel.: Wallsend 6-3242/3 
LONDON: 9, BERKELEY STREET, W.1. HYDe Park 1711/2 
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FREQUENCY METERS 


SIZES : 2}” to 8” 


UP TO 5000 CYCLES 
PROMPT DELIVERY 





also the new SYNCHROSCOPE and Phase The 


SEQUENCE METER both up to 5Kc. ENGLISH 
and full range of Switchboard instruments GLASS CO. LTD. 
Ask for illustrated Catalogue “a sents 
THE ELECTRICAL INSTRUMENT Phone 23481/2 


CO. (Hillington) LTD. 
HILLINGTON GLASGOW 


London stockists, H. A. Patterson & Ptnrs., Ltd., 
Oxford House, 23 West Wycombe Rd., High Wycombe. 
Telephone : High Wycombe 2769 




















e | 
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PRECISION 
GLASS 
MOULDERS 
FOR 
25 YEARS 
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The oscilloscope 
with 2 Milli-micro 
seconds rise time 










Extremely compact & portable - Sensitivity 150 mV/cm 
Can handle repetitive pulses of random separation 
Bright display - Inexpensive 







Working on a novel sampling principle, the L362 
provides nucleonic and electronic engineers with an 
inexpensive oscilloscope capable of recording pulses 
of extremely short duration. 
The L362 oscilloscope has been. developed from a 
design originated by the United Kingdom Atomic 
Energy Authority Research Establishment, Harwell. 
DIMENSIONS: only 14$in x 83in x 18in 

and weight 27 lb. (12.2 kg) 


















Product of 
SAULLARD EQUIPMENT LTD 
A Company of 
The Mullard Group 







Write for full technical details :— 


RESEARCH AND CONTROL INSTRUMENTS LIMITED 


Instrument House, 207 King’s Cross Road, London, W.C.1 (RCL0423) 
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SPECIALIST MANUFACTURERS OF 
HIGHEST GRADE 
MILTOID SALES INSTRUMENT WIRES. 
DIVISION COPPER AND RESISTANCE WIRES. 
conten tees “MANGINSAX” — GENUINE MANGANIN 
BX PLASTICS LTD. ENAMEL, SILK, RAYON COVERED. 
A Subsidiary of the British Xylonite Co. Led. . P.V.C. POLYTHENE, P.V.C. MICROPHONE 
“INSUGLASS”. THERMOCOUPLE, ete. 
STOCKISTS OF THE SAXONIA ELECTRICAL WIRE CO. LTD. 
Contractors to the Admiralty War Office Air Ministry 
BX ROAN WORKS, GREENWICH S.E.10 
Grams: “SAXONIST LONDON” _— Phones: GREenwich 3713/4 
POLYSTYRENE - “GREENWICH CABLES & FLEXIBLES” | 


Clear Crystal, Standard Commercial Quality T R A D E E n\ fe) U RR I ss E S 


A first-class rigid insulating material, supplied CO-AXIAL PLUG TYPE CPI 
ex stock in sheets and rods in a range of i mdaiiadie © GeRientan 
thicknesses and diameters. © Perfect connection 










AERIAL SOCKET TYPE CS3 


Information and guidance on manipulation, 
© Completely insulated with new 


machining and cementing available on request. polythene shield 
© Meets B.S.415 Pin Test 
specification 
34-36 Royal College Street, London, N.W.1. © Robust construction 


*Phone: EUSton 4146/7. *Grams: Celudol Norwest London Trouble-free long life 





PANORAMA RADIO CO 


T.A.7853 73 WADHAM ROAD, PUTNEY, LONDON, S.W.15 Telephone: VANdyke 5300 
EE 10233 for further details EE 10235 for further details 
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QUALITY 


A prototype service is 
also maintained and one of 
our engineers can be at 
your desk to discuss your 


For more than 25 
years the name of 
Partridge has been as- 
sociated with a range of 
the highest quality trans- 
formers backed by un- 
rivalled technical re- 
sources. 


The range of types, 
applications and mount- 
ing styles is wide, and 
new and better types are 
always being added. 


Whatever your needs in 
the transformer field, 
for the best transformer 
.-.and the best service... 
contact Partridge. 
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your 


equipment 


needs 


requirements within a few 
hours of a telephone call. 
Prototypes can generally 
be supplied within seven 
days 


Sole U.S. Rep. 
M. SWEDGAL 
258 Broadway, New York 7, N.Y. 


Tel: WOrth 2-5485 


“— 





CABLE CLIPS 


Every year more and more millions of Insuloid 
Cable Clips are supplied to the Radio, Electronic, 
Switchgear, Domestic Appliances, Aircraft, 

Marine Engineering, Atomic Energy, Electrical 
Contracting and Laboratory Equipment 
manufacturing industries . . . that’s real proof of 
satisfaction and service by Insuloid NX, CY and X 
type Cable Clips. Insuloid Cable Clips secure 
cables, tubes and components wherever a high 
grade and secure fixing is required. For guaranteed 
reliable service in all climatic conditions. 


TRANSFORMERS LTD. 


(ip) Resece Road, Nery oy) Surrey 
Telephone: ELMbridee 6737-8 


(RCTL0423) 
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NIN 
is NX CLIP CY CLIP xX CLIP 
Made from highest For dual cable runs Manufactured in 
—_ a ee. in agen oF am, 7m grade hard 
‘ er a n covering cabie la- Af - 
P. T.F.E. (polytetrafluoroethylene) twice as light, in meters ve in. up to five different "sizes 
LTD . sizes from ¢ in. to /,, in. In highest from 4 in. inside 
R 1 in. inside dia- grade hard P.V.C. diameter to 2 in. 
meters, inside diameter to 
plus cover the smallest 
; ..and the bush which simply won’t come out! preond largest wiring 
13/4 P 
PERMALI Service 
——— F RING LOCK’ BUSH 
This remarkable new plastic—heat and ; ‘ 
er ‘ ; . Here’s a bush specially designed for 
chemical resistant and with exceptional instant assembly. The Insuloid simple 
dielectric and non-stick characteristics—can snap-on finger action is as quick as a 
CPI , ‘ fi thought and once it’s fixed it stays 
be supplied in any shape or mouldings, or fixed, guaranteeing no chafing, and no 
ucture tools are required whatsoever. 


sintered to metal components. 
Insuloid Ring Lock Bush is non- 
metallic, fully tropical, high dielectric, 
is approved by all services and is com- 
pletely secure under all working condi- 
tions. Another Insuloid time- 
and-money-saving component. 


Write now for full details 


PERMALI 


LIMITED 


Specialists in Insulating Materials 


¥ Gloucester England 





Send for fully descriptive literature 
covering the full range of Insuloid 
Cable Clips and Ring Lock Bushes 
today. 


INSULOID MANUFACTURING CO., LTD 





RRM ¢ 

















ae a x Tel: Gloucester 24941 Sharston Works, Leestone Road, Wythenshawe, M/C 
°] Tel: WYT 2842 & 3163 Grams: Insuloid, Manchester 
lyke 5300 
r details EE 10 237 for further details COME AND SEE US ON STAND Q4 AT THE A.S.E.E. EXHIBITION, EARLS COURT 
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First book of its kind 
in the world! 


MODERN ELECTRONIC 
COMPONENTS 











By G. W. A. DUMMER, M.B.E., M.1.E.E., Sen. Mem. 
1.R.E., Head of Components Research, Development 
and Testing at the Royal Radar Establishment, 
Ministry of Supply. 


This is the first comprehensive book of its kind to be 
published in the world. It forms.an up-to-date survey of 
the characteristics of the more common components and 
includes information on their behaviour under the 
arduous environmental conditions to which they are now 
frequently subjected. Chapters include: effects of 
radiation, transistor components, tropical and arctic per- 
formance, high-temperature and high-pressure perform- 
ance, reliability, etc. With 472 pages and over 200 
illustrations. From all booksellers, 55/- net. 


PITMAN TECHNICAL BOOKS 


Parker St., Kingsway, London, W.C.2. 














STANDING WAVE METERS 


GRADE I—Type No. 14/3 





Type No., 14/3 * Waveguide Aperture, |.372” x 0.622” +0.0006” 
Type WNo., 14/3 Waveguide, 1.372” x 0.622” Aperture, 
+0.0006" * Flange, UG 344/U + Type, Z 830038 - Frequency 
Range KMc/s, 5.85-8.2 + Constancy of Probe Coupling over 
Carriage Travel, 0.04dB + Carriage Travel,9 cms * Max. Refi. 


Coefficient, 0.00! Variation of Ag from 
PRICE £355 


Nominal, 0.2% * Accuracy of Indicated 
Probe Position 0.1%. 
FLANN MICROWAVE INSTRUMENTS LTD. 
Scientific Instruments for Research and Education 
9 Old Bridge Street, Kingston-on-Thames, Surrey 
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® PHIL-TROL 
SOLENOIDS 


Range covers types 4! and 
42 (front I” x 1}”) 38, 39 
and 40 (front 13” x 13”) 
and power A.C. and D.C. 
j | sizes up to 650 inch-lbs. 
| 





QUICK DELIVERY | 

Solenoids are normally 
despatched same day | 

| 

1] 





D.C. types 


as receipt of order. 
* : a 
PHILLIPS CONTROL (G.B.), LTD. 


Dept. G7, Farnborough, HANTS. Tel: Farnborough 1120 





| 6 v-460 v A.C. and 
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East 307123 


snes 


rmeROD\ CRINKLE 


SPRING WASHERS. 


in{_BERYLLIUM COPPER | 


Size 
Range 
10 B.A. to 
§” B.S.F. 


Satisfactorily meets 
y the following require- 
ye” ments :—Corrosion Re- 
sistance, Non-Magnetic, Ex- 
cellent Electrical Conductivity, 
High Tensile Strength up to 85 
tons per sq. in., Prevents Damage 
to surfaces to be locked together. 
Made to Admiralty Signal & Radar 
Establishment Spec. A, 110000—Ap- 
proved by RAE/RSP.318 & RCL. 224. 


Supplied G.C.Q., A.l.D. or A.R.B. Re- £ 
leased. ; 





Prices & Samples on request. 


"FORWARD we *0G. TARE Hy. 


DAVID POWIS £SONS LTD. 
FORWARD WORKS — SPARKBROOK — BIRMINGHAM Il PHONE: VIC 1264-8 
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Space donated by: 


MERVYN INSTRUMENTS 
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Here the whole world can find the finest 
scientific instruments, key information 
and prompt advice concerning : 


* Electronic and nuclear instruments 
* Navigational and survey equipment 
* Optical and ophthalmic instruments 
* Laboratory, medical 
and X-ray apparatus 
* Instruments for 
process control and automation 


* Kinematograph and allied instruments 
* All industrial instrumentation 


THE SCIENTIFIC INSTRUMENT 
MANUFACTURERS ASSOCIATION OF 
GREAT BRITAIN 
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P.0. Type 3000 


The most versatile relay 
available today. 


Coils up to 120,0000 
Spring Set Insulation up to 
5KV 


Also 
Type 600 
Polarised 

A.C. Relays 
High Speed 
Uniselectors 
Key Switches 
Latching Relays 
Magnetic Counters 
Miniature Sealed Relays 


Are you aware of the variety 
of contact build-ups we can 
assemble? Your problem may 
not be as bad as it seems if you 
take advantage of our wide 
experience in the unlimited 


=a = Galt the 
Soexatists / 


@ Prototypes within 48 hours 
feck Davis (Rela y4 y Ltd 


@ Good delivery guaranteed 
LONDON V 


DEPT.'E:) TUDOR 


TELEPHONES 'M mM 7360 ANGHAM 482 
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Somewhere 






w 
— 





...are parts we 
could make in 
PLASTICS... 


& 
soe e 


~- FAWLTLESSLY 
~ ACCURATELY 
and at Competitive Cost! 
* Our Technical Advisory staff will be pleased 


to call and advise you—without obligation. 


N 


X 


py 


British Plastics Developments Ltd. 


MILL LANE, PARKGATE near DORKING, SURREY. Tel: NEWDIGATE 317/8. 
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CLASSIFIED ADVERTISEMENTS 


Run-on Classified—The charge for these advertisements is 6d. per word. Minimum charge, 12s. Box number, 
2s. extra, except in the case of advertisements for ‘‘Situations Wanted, ’ ‘when it is free. 
Specially Spaced Classified—42s. 6d. per single column inch. 


Copy, with remittance, for the above advertisements, must be received before the 14th of the month for insertion 


in the following issue. 


Display Classified—Full Page, £64 (based on specially spaced classified rates). 


Half Pages, Quarter Pages and 


Eighth Pages pro rata. Copy dates: With proofs, 5th of preceding month. Without proofs, !Oth of preceding month. 


Blocks must be mounted. 


Advertisements for publication should be addressed to: 
Classified Advertisement Dept., ‘Electronic Engineering,”’ 28, Essex Street, Strand, London, W.C.2. 








OFFICIAL APPOINTMENTS 





ASSISTANTS (SCIENTIFIC). Pensionable posts 
for men or women at lzast 17} and normally under 
26 on Ist January, 1959, with appropriate educational 
or technical qualifications (normally G.C.E. with 
passes at “O” or “A” level in 4 distinct subjects 
including English language and a scientific or 
mathematical subject, or O.N.C., or equivalent 
qualifications) and at least 2 years’ experience in 
either: (i) engineering or physical sciences, or 
(ii) chemistry, _bio-chemistry or metallurgy, or 
(iii) biological sciences, or (iv) geology, meteorology, 
or skilled work in laboratory crafts such as glass- 
blowin, ng. Starting salary (men) from £320 (at 174) 
to £530 (at 25 or over). Maximum (London) £690. 
Promotion prospects. 5-day week generally. Write 
Civil Service Commission, 17, North Audley Street, 
London, W.1, for application’ form, quoting $59/59. 


ATOMIC ENERGY ESTABLISHMENT, 
WINERITH. Experimental staff are required, in 
the Techniques Laboratory of the High Temperature 
Reactor Division, with experience in one or more of 
the following: (1) High vacuum, high pressure 
systems and leak testing methods; (2) welding and 
brazing of metals and other substances in vacuum or 
protective atmospheres; (3) Production and measure- 
ment of high temperatures; (4) Radioactivity 
detection devices for use in experimental reactor 
systems; (5) Development of small and delicate 
apparatus to fine limits. Salaries in the range of 
£500-£1,260. Housing, superannuation; generous 
leave allowances and good working conditions. 
Send a post card for application form to Personnel 
Branch (W108/42), U.K.A.E.A., A.E.E., Winfrith, 
Dorchester, Dorset. W 3454 








CLARENDON LABORATORY, University of 
Oxford, has vacancies for a Senior Technician 
(maximum £715 p.a.) and a Technician (maximum 
£590 p.a.) to work on electronics. Appropriate 
qualifications and experience essential. Excellent 
conditions, good holidays, generous pension scheme. 
Write, giving full details of career to the Admini- 
strator. W 3422 


DERBYSHIRE EDUCATION COMMITTEE. 
Ilkeston College of Further Education. Applications 
are invited for the post of Assistant Lecturer, Grade 
B to teach Electrical Engineering Subjects. up to 
Ordinary National Certificate level. a 
should possess a recognised di or p 

qualification and should have had some teaching and 
industrial experience. Salary in accordance with the 
Burnham Technical Scale: £682 10s. by £26 5s. to 
£1076 Ss. There are additions for approved qualifica- 
tions and training and increments for industrial 
experience where appropriate. Further particulars 
and application forms from the undersigned, to 
whom replies should be sent as soon as possible.— 
R. F, Collins, Clerk to Governors, College of 
Further Education, Field Road, Ilkeston, Derby- 
shire. W 3459 





ELECTRONIC TECHNICIAN required prim- 
arily to operate and maintain a 15 5 MeV Linear 
Accelerator. Experience in microwave technology 
and vacuum practice an advantage, but not essential. 
he post also involves — in the development 
of electronic equipment for clinical work. lary 
according to the Whitley Council Scale, £495-£625 
p.a., plus London Weighting. Write, Clerk, St. 
Bartholomew’s Hospital, London, E.C.l. W 3460 
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D.S.1I.R. REQUIRES Assistant Experimental Officer 
in Instrumentation Section at Hydraulics .Research 
Station, Wallingford, Berks, on design and develop- 
ment of electronic and mechanical instruments. 
Qualifications: G.C.E. “A” level in two science or 
maths. subjects. Over 2, H.N.C. in Electrical or 
Mechanical Engineering or equivalent generally 
expected. Applicants should have active interest in 
electronics and preferably some experience in use of 
hand tools. Salary range:—£382 10s. (age 18)}—£670 
(age 26)—£830 (men). Five-day week, promotion 
rospects, housing facilities for married staff. 
orms from M.L.N.S., Technical and Scientific 
Register (K), 26, King Street, London, S.W.1, 
quoting D196/9A. Closing date 12th ames Sy 


INSTRUMENT ENGINEERING IN 
MEDICAL RESEARCH. A graduate, aged 22-26, 
is required for work of interest and increasing 
responsibility in the Instrument Laboratories of the 
Engineering Division at the National Institute for 
Medical Research. The work involves the develop- 
ment of specialised laboratory instruments and 
equipment in consultation or collaboration with 
research workers in other divisions. It is’extremely 
varied and entails the application of a wide range of 
physical techniques, particularly electronics. Subject 
to broad technical supervision the successful appli- 
cant should be able to make his own decisions 
regarding the methods adopted and the post will 
provide an excellent opportunity for a man of 
initiative to obtain an extremely wide experience of 
instrument design. Although close to central 
London, the Institute is within the green belt area, 
with working conditions and amenities good by any 
standards. Qualifications required: A degree in 
physics or engineering. H.N.C. or City and Guilds 
eee might be acceptable in an exceptional 

Salary scales: Junior Technical Officer (age 
3), ‘£530-£810; Technical Officer (minimum age 26), 
£875-£1195. Annual leave: Junior Technical 
Officer, 18 days; Technical Officer, 22 days. Super- 
annuation provision on appointment; establishment 
after satisfactory completion of 12 months’ proba- 
tion. Application forms from the Personnel Officer, 
National Institute for Medical Research, The 
Ridgeway, Mill Hill, London, N.W.7. W 3463 


MINISTRY OF SUPPLY Researchand Develop- 
ment Establishments require Assistant Experimental 
Officers (minimum age 17, male or female) in areas, 
Farnborough (Hants), Bedford, Aperporth (Wales), 
Sevenoaks (Kent), Waltham Abbey (Essex), Salisbury 
(Wilts), Malvern (Worcs), Aylesbury (Bucks), and 
London (3 only) for experimental work in Physics, 
Electronics, Aero. Elect. and Mech. Engineering, 
Chemistry, Chem. Eng. or Mathematics. Qualifica- 
tions: G.C.E.(A.L.), pass degree, H.N.C. or C. and 
G. final cert. of the — course (Advanced Grade) 
in Telecomms. Candidates may apply before 
Summer examination results are known. Salary 

range £382 (age 18)-£670 (age 26)-£830 (male). 
Women’s rates same by 1961. Promotion prospects. 
Opportunities to compete for established posts. 
Forms from M.L.N.S., Technical and Scientific 
Register (K), 26, King Street, London, S.W.1, 
quoting A.206/9A. W 3457 


MINISTRY OF SUPPLY require technician at 
Shrewsbury, Shropshire, to be responsible for 
supervision of approved inspection organization at 
the works of contractors engaged on the development 
and manufacture of electrical and electronic equip- 
ment for guided weapons. - Quals.: Recognised 
engineering apprenticeship or have had equivalent 
training in an appropriate trade. Sound knowledge 
of light electrical engineering with some electronics 
experience is required, and a knowledge of computers 
and high frequency techniques an advantage. 
Possession of O.N.C. (Electrical), appropriate C. & G. 
Final Certificates, or equiv. qual. desirable. Salary: 
£850 (age 30)—£1,005 p.a. Application forms from 
Ministry of Labour and National Service quoting 
P.E. 1053, Professional and Executive Register, 
Atlantic House, Farringdon Street, soem 5 | 
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MINISTRY OF SUPPLY require Electronics Engi- 
neers at Blackburn, Lancs., for work on guided 
missile electronic equipment in either at 
planning and manufacture or inspection. Qualifica- 
tions: Recognized engineering apprenticeship or 
equivalent training in appropriate trade. Corporate 
membership of E. or exempting qualification. 
Experience of modern electronic practice in com- 
munication or radar fields desirable and knowledge 
of guided weapons practice and servo-mechanism 
an advantage. Salary: £780 (age 25)—£1,220 p.a. 
Forms from M.L.N.S., Technical and Scientific 
Register (K), 26, King Street, London, S.W.1. 
(Quote D202/9A). Closing date 12th a 


MINISTRY OF TRANSPORT AND CIVIL 
AVIATION: requires Electrical Engineers (Assis- 
tant Signals Officers) for aviation telecommunications 
and electronic navigational aids. Minimum age 
Ist or 2nd Class degree in Ty ame or Engineering, or 
.M.L.E.E. or A.F.R.Ae.S. (candidates with Parts I, 
Il & Ill of A.M.LE.E. or Parts I and II of 
A.F.R.Ae.S. or equivalent, or of very high professional 
attainment without these qualifications considered). 
Salary — (age 23) to £1,085 (age 34) maximum 
£1,250. Slightly lower outside London and for 
women. 5 day week. Further details and forms 
from M.L.N.S., Technical and S ific Register (K), 
26 King Street, "London, S.W.1., quoting D. ES tes 





SENIOR TECHNICIAN or TECHNICIAN, 
with some experience and training in electronics, 
required in the Pharmacology Department, Royal 
Free Hospital School of Medicine, Hunter Street, 
London, W.C.1. Scales: Senior Technician, £645x 
£20(1) x £25(5)—£790. * Technician, £535 x £20(1) x 


£25(4)—£655, plus London Weighting. Super- 
annuation benefits. Five weeks’ holiday. Apply 
Secretary with names of two referees. W 3424 


SOUTH SHIELDS EDUCATION AUTHOR- 
ITY. Marine and Technical College. Principal: 
J. Hargreaves, M.A., Ph.D.(Cantab), J.P. Applica- 
tions are invited for the following posts from Ist 
September, 1959, except where otherwise sta 

Department of Electrical Engineering. Lecturer, 
mainly for H.N.C. work. Degree or equivalent 
qualifications and suitable industrial experience 
essential. Assistant Lecturer (Grade B), mainly 
for marine electrical workshop practice (to commence 
on Ist December, 1959). Candidates should be 
appropriately qualified and have had good industrial 
experience, preferably with sea experience. Applica- 
tion forms may be obtained from the Education 
Office, Westoe Village, South Shields. Completed 
applications should be sent immediately to the 
Principal of the College, St. George’s Avenue, 
Westoe, South Shields. D. R. Barraclough, Director 
of Education. W 3427 


UNIVERSITY OF BRISTOL. = Electrical-Egin- 
neering Department. Applications are invited for 
appointment as Lecturer in Electrical Engineering 
(Grade II). Candidates must have good academic 
qualifications in electrical engineering, physics or 
mathematics. Several years postgraduate training 
and/or experience in the applications of electricity, 
either in electrical power and machinery or in 
electronics and communications, is also very desirable. 
The department has recently moved into completely 
new premises and is still being re-equip he 
=_— conditions of work, and the opportunities 
or research, are therefore "excellent. Salary 

£900 to £1, 650, with superannuation under F.S.S.U. 
and family allowances. Initial salary according to 
qualifications and experience. Applications, giving 
age and career to date, together with the names of 
persons to whom reference may be made, should be 
submitted as soon as possible to the undersigned, 
from whom further particulars may be obtained. 
H. C. Butterfield, wmucound and Secretary, The 
University, Bristol, W 3434 
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continued on page 182 
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ELECTRONIC EQUIPMENT 
& ENCAPSULATED COMPONENTS 





RECTIFIER 
UNIT 

FIELD CABLE 
Illustrating the potting of TEST SET 
silicon junction diodes, the 
diodes being assembled on to This tester locates the 
a standard international octal position of breaks or short 
valve base thus providing a circuits in sheathed multiple 
plug-in rectifier capable of conductor cables to within 
.25 A.D.C. current with a fraction of an inch. 
a P.I.V 800-800. 








P.O. TRANSISTOR 

AMPLIFIER ope INSPECTION MIRRORS 
This adjustable mirror, specially made for the G.P.O., is 

An example of the design particularly suitable for use on switchboards and in cable 

and manufacture of an forms where it can be inserted in a flat position and the mirror 

encapsulated transistor then inclined to the required angle for viewing. 


amplifier in epoxy resins. 
==> E25 


a” 




















*% As Exhibited at the R.E.C.M.F. 
WHITELEY ELECTRICAL RADIO CO. LTD - MANSFIELD - NOTTS 


© Falk CG. COPPER 


RODS, BLANKS AND 
MACHINED 



























Illustration by kind permission of 
The M.O. Valve Company Limited 


PARTS 
FOR TRANSMITTING, 
INDUSTRIAL AND 
SPECIAL VALVES 


nes THOMAS BOLTON & SONS LTD. 
BOLTON Head Office: Mersey Copper Works, Widnes, Lancs. Tel: Widnes 2022 
London Office & Export Sales Department: 168 Regent Street, W.! 
Telephone: REGent 6427. 


x 


a 


SONS Vv 





CVS-531 
EE 10248 for further details 


JUNE 1959 (7) 181 ELECTRONIC ENGINEERING 








OFFICIAL APPOINTMENTS (Cont'd.) 





TECHNICAL ASSISTANT REQUIRED for 
medical research on the behaviour of animals. 
a qualifications desirable, but not essen- 
tia!. Work consists of testing animals, preparing 
histological sections and assisting = surgi ro- 
cedures. Time allowed for study. Apply in writing 
to the Secretary, Institute of Neurology, National 
Hospital, Queen Square, W.C.1, before 13 June, 
1959. W 3449 


THE UNIVERSITY OF LIVERPOOL. Appli- 
cations are invited from graduates in either Physics 
or for the post of Lecturer in the 
tment Physics. The successful applicant 

ct be required either to develop electronic instru- 
ments for applications in nuclear physics or to 
undertake development work on the department’s 
ee wee or other accelerating machines. 
he initial salary will be within the range of £900- 
£1,650 per annum according to age, qualifications 
and experience. Applications, stating age, academic 
qualifications and experience, together with the 
names of three referees, should be received not later 
than 10 June, 1959, by the Registrar, from whom 
further particulars of the conditions of appointment 
may i W 3447 


THE UNIVERSITY OF MANCHESTER. 
Radio Telescope—Duty Controller. A vacancy 
exists for a post of Duty Controller in connection 
with the 250-ft. steerable radio telescope at the 
Jodrell Bank Experimental Station of the University 
of Manchester. The commencing salary, which will 
depend on qualifications and experience, will not be 
less than £650 per annum. The salary scale is now 
under review. The Radio Telescope is driven by 
remote control and the person appointed will be 
required to work on a shift basis in the control room 
of the Telescope. Under normal conditions the 
duties will include the simple following of operating 
instructions as determined by the research pro- 
grammes, but quick judgment may be necessary 
when emergencies arise. The duties include the 
routine maintenance of the electronic control equip- 
ment and instrumentation in the control room. 
Candidates must be physically fit, with good eye- 
sight, and be capable and willing to work on a shift 
basis to cover the 24 hours. They must be capable 
of keeping full, accurate and tidy records relating to 
the duties entrusted to them. Candidates must hold 
a Higher National Certificate in Electrical Engineer- 

ing, or a senior City and Guilds Certificate in some 
Seeneh of a. current electrical engineering or 
similar qualifications. Previous experience of the 
control of plant or apparatus containing both 
electrical and mechanical parts is desirable. Applica- 
tions, giving full details of qualifications and experi- 
ence as well as the names and addresses of two 
referees, should be sent to Professor A. C. B. Lovell, 
Jodrell Bank Experimental Station, Lower ne 
ton, Macclesfield, Cheshire. 2 


UNIVERSITY COLLEGE OF NORTH 
WALES, BANGOR. Department of Electronic 
ere: Me yy are invited for the 
following (a) Senior Lecturer or Lecturer in 
Control alias. Applicants should have 
research or industrial experience with servo- 
mechanisms or in process control. (b) Lecturer in 
Materials. Applicants should have a _ thoro 

knowledge of the physics of materials and should 
preferably have had research or industrial experience 
involving solid state physics. (c) Lecturer in 
Electronic Engineering. Applicants should have 
good qualifications in light ane electrical 
engineering or in Pree The salary scale for a 
Senior Lecturer is £1 650 x£75-—£2, mf 3 .a. and for 
a Lecturer is £900x£50—£1, 350 x 75—£1,650. 
The initial salary will depend on the qualifications 
and ee of the person appointed. In addition 
there are S.U. benefits and family allowances. 
The se aeeaes will date from September 1, 1959, 
or from dates to be arranged with the successful 
candidate. Two copies of the ope should 
reach the undersigned, from — urther particulars 
may be obtained, not later than June 20, 1959. 
Kenneth Lawrence, Secretary and Registrar. Ww 3451 


UNIVERSITY OF SYDNEY. Electronic Com- 
pass Engineer. Applications are invited from 

niversity graduates experienced in the development 
and design of electronic —— equipment, for 
appointment to the staff the Adolph Basser 
Computing Laboratory in the School of Physics. 
The successful applicant will be expected to assume 
responsibility for a part of the development pro- 
gramme. The major present activity is the develop- 
ment of magnetic tape storage equipment for 
attachment to the existing computer SILLIAC. 
On completion of this project work is expected to 
commence on the construction of a new, very high- 
speed transistor computer. The salary will be in the 
range £A1,500-90-£A2,100 per annum, commencing 
according to the experience and qualifications of the 
appointee. Cost of living adjustment will be allowed 
and the salary will be subject to superannuation 
deductions. Applications with details of qualifica- 
tions and experience and names of referees, 
should reach the undersigned by 19 June, 1959. 
M. A. Telfer, Registrar, University of Sydney, 
Sydney, N.S.W., Australia. WwW 3435 
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SITUATIONS VACANT 





A.B.C. TELEVISION require an engineer for 
their Manchester Studios. Considerable experience 
camera control operating and maintenance is 
necessary. Apply, giving details of age and experi- 
ence to The Technical Supervisor, ABC Television 
Limited, Manchester, 20. 


ACOUSTIC ENGINEER required by manu- 
facturers of miniature electronic transistorised 
equipment. Applicants | must have B.Sc., or H.N.C. 
and have three years’ experience in this field. 
Successful applicant will be required to spend some 
time in the United States after initial period at home 
factory. Apply, on qualifications, age and salary 
required, to Box W 1177. 


AMPEX ELECTRONICS, LTD. require Junior 
Engineers with degree, H.N.C. or equivalent, to 
engage in the development, commissioning and 
servicing of audio and instrumentation magnetic 
recording equipment. Good salary and good 
prospects. Apply Ampex Electronics, Ltd., Reading 
Industrial Estate, Basingstoke Road, Reading. 


AN ELECTRONIC ENGINEER, with experi- 
ence in the design of pulse circuits, required to 
investigate the application of the Tube Division’s 
products to specific problems. The technical 
liaison work involved may entail visits to customers’ 
laboratories. The post is a full staff appointment, 
carrying an attractive starting salary. Superannua- 
tion scheme. Please send details of age, experience, 
qualifications, quoting reference LK/4 to the 
Personnel Manager, Ericsson Telephones, Ltd., 

ton, Nottingham. W 3417 


A SCIENTIFIC GLASS BLOWER is required 
for an interesting and responsible post in the develop- 
ment laboratories of the Ericsson Tube Division. 
Experience in the hand and hi ion 
of hard and soft glasses and in small glass-to-metal 
seals would be req A knowledge of high 
vacuum technology would also be an advantage. 
A good starting salary commensurate with experience 
in these fields is envisaged. The post would be a 
staff appointment, and the working conditions in 
modern well-equipped laboratories are excellent. 
Write in the first instance giving brief details of 
revious experience to the Personnel Manager, 
ricsson Telephones, Ltd., Beeston, eee 
quoting reference LK/5. 3418 





ASSISTANT REQUIRED in Patents Office of 
large telecommunications group for a wide range of 
details and responsible investigations. Technical 
qualifications are essential, at .C., with 
preferably some knowledge of automatic exchange 
switching and electronic circuitry and a real interest 
in technical liaison and report writing. Age 25/30. 
Excellent prospects and good starting salary. Write 
for application form to Staff Officer, Ref. 744/56, 
Siemens Edison Swan, Ltd., London, S.E. = Fess 


BP HAS A VACANCY for an Electronic 
Engineer for work in the Instrument Group at its 
Research Station at Sunbury-on-Thames. Applica- 
tions are invited from men with a University Degree 
in Physics or Electrical Engineering or equivalent. 
Some experience in the design and development of 
electronic instruments preferable. Work will include 
development of instruments for the control and 
testing of internal combustion engines, for process 
control, and for chemical and physical measurements. 
Age under 35. Salary according to age, qualifications 
and experience. Non-contributory Pension Fund. 
Assisted House Purchase Scheme. Removal 
expenses and settling-in allowance payable in certain 
cases. Luncheon Club. Write, giving full details, 
quoting H.3303A, to Box 6056, c/o 191, Gresham 

ouse, E.C.2. W 3450 


BP HAS A VACANCY for a_ Technical 
Assistant in the Exploration Division of its Research 
Centre at Sun -on-Thames. There will be 
3-4 months of field work year in the United 
Kingdom. Age under 27. Several years’ experience 
is required in the building, testing and use of 
electronic equipment in the audio and sub-audio 
(low frequency) range. Desirable, but not essential, 
qualifications are H.N.C. in Light Current Engineer- 
ing or City and Guilds Telecommunications. Appli- 
cants must have no National Service obligations. 
Salary according to age and experience. Non- 
contributory Pension Scheme. Removal and 
settling-in allowances payable in certain cases. 
Luncheon Club. Write, giving full details, quoting 
reference H.4645, to Box 6064 c/o 191, Gresham 
House, E.C.2. W 3458 





BRITISH MAN UFACTURE AND RESEARCH 
Cco., LTD., have vacancies for men with initiative, 
in each of the following grades: (1) Electrical 
Development Engineers: Graduates, age 25 to 35, 
to undertake the development of advanced electro- 
mechanical control equipment in the laboratory 
and in the field and to carry out technical liaison with 
associated companies in Britain and abroad. Know- 
ledge of basic servomechanism theory desirable. 
(2) Junior Circuit Designers/Draugh : EM: 
or equivalent, to carry out control circuit design in 
drawing office and laboratory under the guidance 
of a senior engineer. Pension/superannuation 
scheme, canteen, sports and social facilities available. 
Written applications with full particulars, including 
age, qualifications, experience, and salary required 
to Chief Engineer, B.M.A.R. Co., Ltd., Grantham, 
Lincs., quoting ref.: B5/ELE. W 342 








COMPUTER ENGINEERS. A vacancy will 
shortly arise for a junior engineer, whose main 
duties will involve the setting-up, testing and operat- 
ing of a large Analogue Computer. Some experience 
preferred but not essential. Reply, stating age, 
on and experience to Personnel Manager 
(PAL. 2), The General Electric Company Limited, 
Erith, Kent. Ww 3423 





CONSULTING ENGINEERS _ require a 
Chartered Electrical Engineer with comprehensive 
experience in the design and operation of radio 
telecommunication systems. Applicants must be 
Corporate Members of The Institution of Electrical 
Engineers and, preferably, have a degree in Electrical 
Engineering. Salary according to qualifications and 
experience with addition of bonus and pension 
schemes. Applicants, giving full details of age, 
qualifications and experience to: Preece, Cardew 
& Rider, 8, 10 & 12, Queen Anne’s Gate, West- 
minster, London, S.W.1. W 3419 





DIGITAL COMPUTERS. Engineers, Physicists 
and Technicians, age approximately 20-35 years, 
with a knowledge of electronics, are required for 
technical supervision and maintenance of “‘National- 
Elliott 405” digital computer installations in London, 
the Midlands and the North. Experience in digital 
computer techniques, although an advantage, is not 
essential. Please apply in writing to The Personnel 
Manager, The National Cash Register Co. Ltd., 
206-216, Marylebone Road, London, N.W.1. 

W 3455 





COSSOR RADAR & ELECTRONICS LTD., 
The Pinnacles, Elizabeth Way, Harlow, Essex. 
Technical Author required in the Publications 
Section. The work involves preparation of instruc- 
tion handbooks and maintenance manuals and the 
writing of copy for sales literature. The post offers 
variety and interest to a keen young man who should, 
preferably, have had engineering experience in the 
electronics industry. The ability to think clearly and 
logically and a good command of the English 
language are essential. 5-day week; Canteen; 
Housing may be available. Write giving age, 
experience and salary expected, to the Secretary. 

W 3438 


ELECTRONIC ENGINEER. A component 
manufacturing company which builds all specialist 
instruments used in its production departments seeks 
an Engineer for a development section. The post will 
appeal to a man with an interest in audio amplifiers, 
D.C. amplifiers, and precision measurements. A 
relevant qualification equivalent to H.N.C. plus 
electronic experience will be expected, for which a 
competitive salary will be paid. Applications 
treated in confidence and should give full particulars 
of employment history to Personnel Manager, 
Welwyn Electrical Laboratories Ltd., Bedlington, 
Northumberland. W 1185 








CLASSIFIED ADVERTISEMENTS 
continued on page 184 
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AS550 A typical chokeless Power Supply Sub-Unit with 
continuously variable output + 200-300V, 100mA. 

















EE 10 249 for further details 





Solartron regulated power supply units offer 
a ready made and absolutely reliable source of 
packaged power, either for separate use, or 
direct incorporation into prototype and produc- 
tion equipment, including computers, simulators, 


industrial controls, etc. 


% Stable under all conditions. 
% Robustly made. 

% Completely reliable. 

% Light, compact, inexpensive. 
% Easy to fit. 


% Exceptionally useful as bench instruments for 


educational and servicing establishments. 


-_——_—. 


- ~_ a ~ 
- nm “ 
/ oe ee \ 
AS754 A Sub-Unit giving + 250-300V at up to 200mA. ( ait, ~ j 
° “ 
a SOLARTRON 
THE SOLARTRON ELECTRONIC GROUP LIMITED erties >, \ 
THAMES DITTON - SURREY \ be a j 
Telephone: EMBerbrook 5522. Cables: Solartron, Thames Ditton 7 be we 7 
International Telex : 23842 Solartron T.Dit. “ibe sal om hie cite 


JUNE 1959 (u) 183 


ELECTRONIC ENGINEERING 








SITUATIONS VACANT (Cont’d.) 





ELECTRONIC DESIGN/DEVELOPMENT. 
Engineer required by hine tool manufacturer 
situated 20 miles west of London. This position in 
an expanding electronics division offers excellent 
opportunities in the field of industrial control. 
Qualifications H.N.C. or equivalent preferably with 
experience in R.F. heating and/or transistor circuit 
designs. Pension scheme. Full details of experience 
and salary required to Box W 1184. 





ELECTRONIC ENGINEERING. A vacancy 
exists in the Research Department of a Company of 





ELECTRONICS RESEARCH LABORATORY 
STAFF. Senior qualified Electronics Engineers of 
Degree or Higher National Certificate standard are 
required for interesting work in connection with a 
number of projects in the field of electronics, 
including the application of transistors to television 
and similar equipment. Applicants must have 
suitable academic qualifications and experience in 
laboratory procedure. They will normally be 
expected to be able to handle a project from its 
inception to its final conclusion. Box W 340, 





Scientific Instrument manufacturers for an 
in the Electronic a ef Applicants should 
yen H.N.C. in Electri Engineering and have 

at least four years’ employment in this field. 
Advanced conditions of employment and salary 
commensurate with ability and experience. Apply 
with details of age, qualifications, experience, salary 
required to Box W 3441. 


ELECTRONIC _ ENGINEERS, Mechanical 
ig) s, Phy Southern Instruments Ltd. 
have a number of vacancies for work on interesting 
long-term development projects. e following 
— vacancies exist, and we shall be pleased to 
uss prospects with any qualified applicant 
seeking a resp ble and progr post. Analytical 
Instruments. Senior Engineer or Physicist to take 
charge of development of polarographs and other 
electrochemical instruments. Transducers. Senior 
Mechanical Engineer to take charge of development 
of a very wide range of dynamic pressure transducers 
and related devices. Data Handling. Electronic 
Development Engineer with experience in analogue 
and digital circuit design and/or servo systems. 
Telephone Answering Machines. Electronic Develop- 
ment Engineer, preferably with good knowledge of 
one or more of the following: Telephone practice, 
tape recorders, transistor amplifiers, printed circuits, 
design for quantity production. Industrial Instru- 
ments. Electronic Development Engineer, interested 
in application of electronics to a wide range o 
industrial problems. Contract Group. (a) Electrical 
or Mechanical Engineer with experience of encap- 
sulation, moulding, and environmental engineering. 
(b) Electronic Engineer preferably with communica- 
tions experience. Attractive salaries according to 
qualifications and experience. Assistance with 
removal expenses and housing. Pension scheme. 
Apply in confidence, stating type of post and salary 
required, together with brief details of qualifications 
and experience to J. A. Colls, Technical Director, 
Southern Instruments Limited, Frimley Road, 
Camberley. W 3453 











ELECTRONIC ENGINEERS. Applications are 
invited from Electronic Engineers with experience 
in the design and development of electronic produc- 
tion test equipment. Vacancies also exist for 
Calibration Engineers. These are staff appointments 
and there are excellent opportunities for advance- 
ment. The successful candidates will be invited to 
join the Company’s superannuation and life assurance 
scheme. Applicants please reply, giving full details, 
to the Employment Manager, The Plessey Company 
Limited, Vicarage Lane, Ilford, Essex. W 3428 





ELECTRONIC ENGINEERS. Required for 
development work on test equipment connected 
with an advanced guided missile project. Applicants 
should have at least two years’ experience in similar 
work and preferably possess H.N.C. in electrical 
engineering, or equivalent City and Guilds qualifica- 
tion. Applications are invited and’ should be 
addressed to: The Personnel Manager (Ref. 373), 
De Havilland Propellers Limited, Hatfield, Herts. 

W 3466 


ENGINEER required to take charge of Resin 
Encapsulated Department. Knowledge of resin, 
mould design and electronics desirable, together 
with a keen interest in developing new techniques. 
Considerable scope exists in this expanding field. 
London area. Box W 3433. 


ELECTRONIC ENGINEERING 





ELECTRONIC SERVICE ENGINEERS. 
Engineers in electronic field required for interesting 
work on the commissioning and servicing of electron- 
ically controlled machine drives and machine tool 
controls, etc. Staff status, salary in accordance with 
ability. Apply in writing to Construction Depart- 
ment, British Thomson-Houston Co., Ltd., A 


ENGINEER REQUIRED with electronic or 
vacuum experience to install and service electron 
microscopes. Training given to those without 
erage experience. Minimum qualification 

.N.C., but H.N.C. standard preferred. Good 
working conditions. 5-day week. Pension scheme. 
Apply, giving details of education and experience to 
Aeon Laboratories, Beech Hill, Ridgemead Road, 
Englefield Green, Egham, Surrey. W 1180 


ENGINEERS with some five years practical 
experience of radio frequency design work required 
for interesting new project in Laboratory situated in 
South West outskirts of London. Pension Scheme. 
Write giving full particulars of experience and salary 
required to Box W 1162. 


ERICSSON TELEPHONES LTD. have in their 
Research Laboratories a ber of ies for 
circuit designers and equipment engineers to work 
on nucleonic instruments, and interesting new 
develo, mts in electronic computing and switch- 
ing; th senior and junior posts are available. 
Applicants should have a degree or equivalent plus 
several years’ experience of appropriate work for the 
senior posts; correspondingly reduced qualifications 
and experience will be accepted for junior posts. 

ies will be in accordance with age, qualifications 





and experience. Applications, giving details of age, . 


academic or other training and qualifications, 
experience and starting salary required, should be 
sent to the Personnel Officer, Ericsson Telephones 
Ltd., Beeston, Nottingham. W 197 


HOUSING AND GOOD PAY offered to 
electronic fitter required for the development, 
installation and maintenance of electrical and 
electronic devices. This interesting post in an 
expanding department of an old-established paper- 
making company in Hampshire, is open to candidates 
under forty years of age who have experience of fault 
finding in electronic circuits. Box W 1183 


KELVIN HUGHES (AVIATION) have 
vacancies for Technical Representatives for work on 
new aircraft instrumentation systems. Essential 
qualifications: Practical experience with aircraft 
electronic or electrical instrumentation; applicants 
must possess Higher National Certificate in electrical 
or mechanical engineering, or equivafent. Salary 
will be paid according to qualifications, experience 
and ability, but is based on generous scales and 
adequate payment during illness and contributory 
pension scheme, etc., are in operation, canteen, 
medical services, sports and social facilities are also 
provided. Applications should be made in writing, 
giving full details of age, qualifications ,experience, 
etc., 3 ‘the Personnel Manager, Kelvin & Hughes, 


td., hester Road, »ke, Hants. W 3431 





LIVINGSTON LABORATORIES LTD. 
require two qualified field engineers for inside and 
outside representation in the London Region. 
Extensive knowledge and experience with the type 
of electronic instrumentation associated with the 
name of this Company is essential. Exceptional 
working conditions, car for outside work, non- 
contributory pension, etc. Write to: The Director, 
Livingston Laboratories, Ltd., Retcar Street, London, 
N.19. W 1188 


SALES MANAGER required for Electrical 
Engineering Manufacturers, specialising in relays 
and control apparatus. Applicants should have good 
technical training and experience in a similar capacity. 
Good salary and prospects. Company car available. 


This vacancy has been notified to our own staff 


and applications can be made in confidence to 
Managing Director, Box W 1178. 
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MAGNETIC MATERIALS AND DEVICES. 
Physicist or Electronic Engineer to work on Ferrites, 
Successful applicant would report to the Engineer-in- 
Charge of a group working in new laboratories at 
Brimsdown, nr. Enfield, Middlesex. Responsibilities 
will include the study of the characteristics of 
magnetic devices and the design of test equipment 
for the assessment of magnetic materials. Experience 
in the field would be an advantage but not essential. 
Starting salary will be generous and depend upon 
age, qualifications and experience. Ample oppor- 
tunities for subsequent ad t are ensured 
with this new and expanding group. Applications 
should be made in writing to: Chief Engineer— 
Semiconductors, Siemens Edison Swan, Ltd., Cosmos 
Works, Brimsdown, nr. Enfield, Middlesex. W 3430 





MURPHY RADIO LIMITED. Project Engineer 
required to work on the development of electronic 
equipment for Process Control applications. For 
this post a degree or H.N.C. is essential and some 
experience of Transistor circuitry, preferably in D.C. 
amplifier applications, is also necessary. A large 
measure of responsibility will be entailed for the 
detailed development of an equipment, and some 
liaison with mechanical designers and contractors 
will also be involved. Applications should be 
forwarded to the Personnel Manager (E.92), Murphy 
Radio Limited, Welwyn Garden City, Herts. W 3440 


REPRESENTATIVES for correspondence abroad, 
high earnings, written instructions. Write: Fortuna 
Publishing Co., Vienna 1/8, Postfach 49. W 343 


SALES ENGINEER REQUIRED to cover U.K. 
representing well-known precision S.H.F. and 
electronic instrument manufacturers. Familiarity 
with waveguide equipment an advantage. Own 
staff notified. Write Box W 3425. 





SALES REPRESENTATIVE (TECHNICAL) 
required by Nash and Thompson Ltd., to handle 
sales in Home Counties of their Nashton 
range of electronic measuring instruments and 
allied electronic lines. Car provided, pension fund, 
Apply giving details of selling and technical experi- 
ence, salary required, to General Manager, Nash & 
Thompson Ltd., Oakcroft Road, Chessington, 
Surrey. . W 3386 





SENIOR/JUNIOR DEVELOPMENT ENGI!- 
NEERS and Laboratory Assi Engi ‘S 
with experience of AM FM and SSB techniques are 
required for new development teams. Very good 
prospects and conditions. Pension scheme. Please 
write with details of qualifications, experience and 
salary required to Personnel Officer, British Com- 
munications Corporation, Ltd., Exhibition Grounds, 
Wembley, Middlesex. WEMbley 1212. W 3461 





SENIOR ELECTRONICS ENGINEERS. A 
leading company engaged in the research and 
development of ultra high-speed computing circuits 
and advanced storage devices requires Senior 
Electronics Engineers with original ideas and the 
ability to progress them to a successful conclusion. 
Starting salaries up to £1,500 per annum will be 
paid to the right men, who must have theoretical 
qualifications up to degree or H.N.C. standard and 
several years’ experience in similar fields. Please 
write to Box W 3420. 


TECHNICAL SALES ENGINEER 28/35, re- 
quired for London and Southern area. Applicants 
should have a sound knowledge of electrical and 
electronic instruments in the audio-frequency range, 
also the ability to.do routine servicing. Degree or 
H.N.C. desirable. Full expenses and car provided. 
Pension Scheme. Apply stating age, salary and 
experience to the Personnel Manager, Muirhead & 
Co. Limited, Beckenham, Kent. W 3445 


TELECOMM UNICATIONS: Assistant Engineer 
for design and installation of equipment, U.K. and 
continent. Minimum qualifications H.N.C. or 
equivalent. Must have organizing ability and drive. 
Age 23-28. Good prospects of advancement. Write 
stating full particulars to: European Plant Engineer, 
Western Union Telegraph Co., 22, Great Winchester 
Street, London, E.C.2. W 3442 
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SITUATIONS VACANT (Cont'd.) 





THE CENTRAL ELECTRICITY GENERAT- 
ING BOARD at Headquarters, London, S.E.1, 
have set up a team to ome the kinetics of nuclear 
reactors using an Analogue Computer of the most 
advanced design, and have vacancies for electronic 
engineers to maintain the computer and its associated 
electro-mechanical equipment. The work will 
involve calibration and setting up of computing 
units and recorders, and the carrying out of a proper 
schedule of “preventive” maintenance, as well as 
the usual diagnosis and repair of faults. An interest 
in operation will be encouraged, as time permits. 
Candidates should possess a broad experience of 
electronics with some development experience; 
an interest in simulation or in servo theory would be 
an advantage; acceptable qualifications range from 
Ordinary National Certificate to an appropriate 
degree. Salaries on a scale within the range of 
£610-£1, 350 p.a., according to duties and responsi- 
bilities. Applications, stating age, qualifications, 
experience, present position and salary, should be 
forwarded to the Personnel Officer, 24/30, Holborn, 
London, E.C.1, as soon as possible. Envelopes and 
——- should be marked “Confidential”, 
Ref. EE/181. W 3464 





ULTRA ELECTRIC LTD., Acton, London, W.3. 
Invite applications for the following positions in 
their modern well equipped Laboratories of the 
Special Products Division. (1) Group Leader 
(Executive) Engineer to lead teams engaged on 
Digital Computer Systems and Accessories. (2) 
Senior Electronic Development Engineers for work 
on: (a) Digital Computer Systems and Accessories, 
using Transistor Techniques, (b) Mobile Radio 
Communication Systems, (c) Radar Simulator 
Development, (d) Special Radio Communication 
Devices. Applicants should have qualifications up 
to degree standard, have good basic experience and 
be capable of leading a team in the development of 
devices from the performance requirement stage. 
(3) Junior Engineers are required to assist on all the 
projects listed above. They should have qualifica- 
tions up to degree or H.N.C. standard and preferably 
previous experience. These appointments offer scope 
for original research and development work and for 
personal advancement. Good salaries, adjudged 
and commensurate with qualifications, will be 
offered to suitable applicants. A contributory 
Pensions and Free Life Assurance Scheme is operated 
by the Company. All applications will be regarded 
as strictly confidential and should give full details 
of present and past positions held, age, and qualifica- 
tions. In the first instance please write to The 
Personnel Manager, Ultra Electric Ltd., Western 
Avenue, Acton, London, W.3. W 3446 





W. H. ALLEN SONS & CO. LTD. Bedford, 
have a vacancy in their Laboratory. The successful 
applicant would be required to act as Assistant to 
the Head of the small but growing Electronic Section 
in the Laboratory; the work involves acoustics, 
vibration, use of strain gauges and the development 
of special equipment for research work on steam and 
gas turbines, gears, centrifugal pumps, alternators, 
etc. Applicants should have a good theoretical 
training to at least H.N.C. standard and must give 
evidence of practical ability. Some experience in 
Engineering would be advantageous. This is an 
excellent opportunity for an enterprising young man 
on very interesting work, with opportunities to 
display initiative and originality. Good Staff 
Pension Scheme; assistance with moving, if neces- 
sary. Applicants should apply in writing, giving full 
details of age, qualifications, experience and salary 
required to the Personnel Manager. W 3436 





YOUNG ELECTRONIC ENGINEER required 
to head newly formed Electronics Section of Research 
and Development Division of major scientific 
instrument manufacturer. Originality and versatility 
essential. Knowledge of small electro-mechanisms 
desirable. Permanent, pensionable post with 
Prospects. Box W 3421. 
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VACANCIES will shortly arise in the Valve 
Division of Ericsson Telephones, Ltd., for qualified 
and experienced physicists or engineers to undertake 
development and technical control of special valves 
and other electronic devices. These are senior posts 
and the successful + yo will report directly to 
the heads of either Development or Technical 
laboratories. A good starting salary and a progressive 
career can be offered to  saubhe applicants. The 
working conditions, in modern well-equipped 
laboratories, are excellent. The usual amenities 

(pension scheme, social activities, canteen facilities, 
etc.) are available. Applications, which will be 
treated as strictly confidential, giving a brief summary 
of academic and industrial _ should be 
addressed to the Personnel anager, Ericsson 
Telephones, Ltd., Beeston, Nottingham, quoting 
reference LK1/3. ® W 3416 


: EDUCATIONAL 





BRADFORD INSTITUTE oe repens ery 
Principal: E. G. Edwards, Ph.D., B.Sc., 

A Sandwich Course for Diploma in ete. G 
Electrical Engineering will commence in January, 
1960. (Arrangements will be made to accept students 
for industrial training in September, 1959.) Further 
details and application forms for the course may 
obtained from the Registrar, Bradford Institute of 
Technology, Bradford 7. Telephone No. 28837. 
W. H. Leathem, Clerk to the Governors. W 3444 


CITY AND GUILDS -.—x etc.) on “NO 
PASS—NO FEE” terms. Over 95 Fd cent suc- 
cesses. For details of — 
of Electrical Engin — 
Automation, etc., and for 0 =< “page handbook 
FREE and post free. .E.T. (Dept. sore ote 
Wright’s Lane, London, W. 8. 





LEARN RADIO AND ELECTRONICS the 
New Practical Way! Very latest system of experi- 
menting witb and building radio apparatus—‘“‘as you 
learn”. Free Brochure from: Dept. EE 10. 
Radiostructor, 46, Market Place, Reading, Be 


THE COLLEGE OF AERONAUTICS. One 
Year Post-Graduate Course in Control Engineering 
1959-60. Applications are invited for the one year 
course in Control Engineering which begins on 
5 October, 1959. Prospective students must be of 
graduate status in an a ag branch of science 
or engineering and, preferably, have had practical 
experience in industry or an establishment. The 
purpose of the course is to give instruction in the 
techniques employed in control engineering as applied 
in a wide range of industries. Students wishing to 
do so may s' in the applications of control 
engineering to aeronautics. Further information and 
forms of application may be obtained from: The 

Warden, The College of Aeronautics, Cranfield, 
Bletchley, Bucks. W 3437 


T.V. AND RADIO—A.M.Brit.I. R. E., City & 
Guilds, R.T!E.B. Certificate, etc., on “NO PASS— 
NO FEE” terms. Over 95 per cent successes. For 
details of Examination and Home Training Courses 
(includin; ig apparatus) in all branches of 
Radio, and Electronics, write for 148- 
handbook—Free. B.IL.E.T. (Dept. 337H), 29 Wri 
Lane, London, W.8. 


UNIVERSITY OF EDINBURGH. Principal: 
Sir Edward Appleton, G.B.E., K.C.B., D.Sc., 
F.R.S. Diploma in Electronics "and Radio. The 
next postgraduate diploma course commences on 
13th October, 1959. It is intended for honours 
graduates in Engineering, Physics or Mathematics 
who wish to specialize before entering the electronics 
industry or research organisations, and for graduates 
in industry who wish to return for a period of 
advanced study at the University. Lectures are given 
on basic theory, networks, valve and transistor 
circuits, servomechanisms, electromagnetics and 
physical electronics, at an advanced level. Individual 
projects are an important feature of the course. 
A limited number of special grants will be available; 
candidates wishing to be considered for these should 
have registered by Ist July. Further particulars and 
application forms may be obtained from the Secre- 
tary to the University, University of Edinburgh, 
Old College, South Bridge, Edinburgh, 8. Charles 
H. Stewart, Secretary to the University. a, pr 
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SITUATIONS WANTED 





M.A. (44) good knowledge and experience of sound 
recording and reproduction (disk, tape), digital 
computers, general electronics, seeks editorial, 
library, information or abstracting’post. Box W 1186. 


MANUFACTURERS, SALES AGENCIES and 
all interested can obtain necessary details of my 

h and experience by contacting 
Marine Radio Officer, 43, Loxley Road, Stratford- 
on-Avon, England. W 1181 








FOR SALE 





MAGSLIPS, SELSYNS and many other items 
connected with automatic and remote control 
mechanisms are marketed by Servo & 

Sales Ltd. Brochese available on request. See 
our display advertisement on p. 163. Ww 202 


GUARANTEED MAGSLIPS at low prices, 3in 
Resolver No. 5 (AP gg 50v. 50c/s. Unused, 
each in tin, 35s. post 2s. id. Large stocks of these 
and other types.—P. B. Crawshay, 94 Pixmore ra; 
Letchworth, Herts. Tel.: 1851. W 321 





SERVICE 





METALWORK. Ali t cabinets, , chases racks 
etc., to your own specifications. Philpott’s Metal- 
works Ltd., Chapman Street, Loughborough. w 341 





CAPACITY AVAILABLE 





TRANSFORMER and coil windings, capacity 

available. Windings carried out to customers’ 
spetiiention. Large or small orders undertaken, 
Enquiries to: W.L.R.S., 30 Fauconberg Road. 
Chiswick, W.4. Chi. 0384. Ww 1159 


TENDERS 





GHANA BROADCASTING SYSTEM. External 
Broadcasting Project. Tenders are invited by the 
Crown Agents for Overseas Governments and 
Administrations acting for and on behalf of the 
Ghana Government for the supply of four 100 k.W. 
Short Wave Broadcasting Transmitters, Auxiliary 
Equipment and Aerial Arrays together with the 
necessary buildings to accommodate the equipment 
for installation near Accra. Tenderers must be 
prepared to supply staff for installation, operation, 
and maintenance of equipment, and training of local 
staff. Copies of the specifications, Drawings, “= 
of Tender and Conditions of Contract may 

obtained from the Crown Agents, 4, Millbank, 
London, S.W.1, by application quoting the reference 
Contract EE2 GHANA 1815 on payment of a 
deposit of £10 Os. Od. The deposit will be returned 
on reéeipt of a bona fide tender. Tender documents 

will be available for issue as from the 29th May, 1959 
and completed tenders must be delivered to the 
Crown Agents’ Office not later than 1 p.m. on 
Monday 31st August, 1959. The Ghana Government 
does not unde to accept the lowest or any 
tender nor be responsible for, or pay for, expenses 
or losses which may be incurred by any tenderer 
in the preparation of his tender. W 3448 





PATENTS 





THE PROPRIETORS of British Patent No. 
742674 for “Improvements in or Relating to Devices 
for the Precise Determination of Frequency” are 
desirous of entering into negotiations for the sale of 
the Patent, or for the grant of a Licence thereunder. 
Communications should be addressed to Page, 
White & Farrer, 27, Chancery Lane, London, 
WC. W 1182 
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SITUATIONS VACANT (Cont'd.) 





INERTIAL 
NAVIGATION 


ELLIOTT BROTHERS 
(LONDON) LIMITED 


Inertial Navigation Division 
Borehamwood (Herts) and Rochester (Kent) 


Continued opportunities in this absorbing new 
field result in further vacancies for Junior and 
Intermediate Engineers in a fast-growing enterprise. 


1. Electronic Engineers 


Applicants should have a Degree or equivalent 
and a minimum of two years’ experience in design 
and development of electronic equipment. Experi- 
ence in aircraft and missile electronic systems 
involving servo-mechanisms and semi-conductors 
would be especially valuable. 


2. Test Equipment Engineers 


For these positions applicants should have a 
genuine interest in and flair for development of 
simple and foolproof test equipment. As the work 
involves accurate electrical measurements in 
addition to normal testing of electronic units and 
systems, suitable candidates will _ probably be 
Physics graduates who have had two years’ or 
more experience in the electronic industry. 


3. Electro-mechanical Engineers 


Engineers with experience in specifying, designing 
and testing systems using precision electro- 
mechanical components, are required. Knowledge 
of electronics would be an asset. 


4. An Engineer 


To assist in preparation of Production Test 
Schedules and Test Specifications. 

Familiarity with Ministry specifications and with 
complex electronic equipment is more important 
than academic qualifications for this post. 


5. Trials Engineers 


A few vacancies exist for Engineers willing to 
travel and undertake trials work in the United 
Kingdom. Previous trials experience would be an 
advantage, together with specialized knowledge of 
servo-mechanisms, analogue computing  tech- 
niques, or semi-conductor circuitry. 


Applications should be addressed to: 
The Personnel Manager (Ref. 084), 
Elstree Way, Borehamwood, Herts. 











HANDLEY PAGE LIMITED 


invite applications for the following posts: 


ELECTRONIC ENGINEERS 


for interesting work in the Electronics Laboratory at 
the Park Street, Herts establishment. They will be 
required to assist in the design and development of 
test equipment associated with the instrumentation of 
aircraft and test rigs. -Applicants should have a sound 
theoretical knowledge of electronics backed by practical 
experience in the fields of data recording on magnetic 
tape, automatic data analysis and reduction or carrier 
amplifier recording techniques. 


ELECTRONIC LABORATORY 
ASSISTANTS 


to assist Engineers with the above work and to maintain 
test equipment, etc., used in above and similar fields 
of instrumentation. 


Please write, giving full details to: 


Staff Officer, 
HANDLEY PAGE LIMITED, 
Cricklewood, London, N.W.2. 











FERRANTI LTD. 
MANCHESTER 


has vacancies in the 


COMPUTER DEPARTMENT 


for 


SUPERVISING ENGINEERS 


for post-installation service to Ferranti Computers 
in this country and abroad. Applicants should have 
technical knowledge up to H.N.C. standard or equiva- 
lent. Favourable consideration will be given to 
applicants who have a good background of training 
and experience on Service electronic and radar equip- 
ment. Successful applicants will have the opportunity, 
if they so desire, to be considered for periods of service 
in this capacity on Ferranti Computers installed in 
many countries abroad. 


The above appointments will carry salaries fully 
commensurate with qualifications and experience. 
The Company operates a Staff Pension Scheme and an 
Instalment Assurance Scheme. 


Application is by form obtainable from; 
T. J. Lunt, Staff Manager, 
Ferranti Ltd., Hollinwood, Lancs. 
Please quote ref; KLS. 
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SITUATIONS VACANT (Cont'd.) 


ENGLISH ELECTRIC COMPANY LIMITED 


GUIDED WEAPONS DIVISION 


STEVENAGE, HERTS 


- LUTON, BEDS 


CAREERS 


FOR 
ENGINEERS AND SCIENTISTS 


VACANCIES — WE NEED: 


Electrical and Electronic Engineers 


to work on design, development and testing of airborne guidance 
equipment, ground control and launching equipment, telemetry 
and test gear. 


Electro-mechanical, Hydraulic and Servo Engineers 


for design, development and testing of airborne electro-mechanical 
and servo equipment, airborne power supply systems, ground 
based control equipment and test gear. 


Mechanical Engineers and Designers 


required for design and development of launching systems, 
handling gear, packaging, transport and field assembly equipment. 


Airframe Engineers and Designers—/or the following types 
of work: 
1. Structural design and installation. 


2. Stress analysis involving problems of high-speed flight and 
kinetic heating. 


3. Weights engineers. 


4. Structural testing, ranging from detail parts to complete 
airframes. 


Physicists and Engineers—to work on: 
1. Investigation and proving of complete prototype missile 
and associated ground equipment. 


2. Environmental testing and reliability studies—components, 
missiles and ground equipment. 


Scientists and Systems Engineers 


1. Synthesis and analysis of missile and weapon systems of 
flight experiments. 


2. Development and application of analogue and digital 
computing equipment and methods. 


Navigational Instrument Engineers and Designers 


for the design, development, testing and evaluation of precision 
gyroscopes, accelerometers and associated electronic equipment. 






JUNE 1959 


OPPORTUNITIES 


As a result of the expanding requirements of our major 
development contracts, we intend once again to increase our 
engineering and design effort. We have immediate 
opportunities for qualified and able men to embark on 
careers in an industry utilising a wide range of engineering 
techniques—work which will broaden your engineering 
knowledge. It is not necessarily a disadvantage to have no 
experience in guided weapons as we are prepared to train you. 


RESOURCES 


Our establishments at Luton and Stevenage form one of 
the largest and most comprehensively equipped Missile 
organisations in Europe. There are facilities for the design, 
development, manufacture and testing of complete missile 
and ground control equipment, and for this work we employ 
qualified mechanical, electrical, structural, production 
engineers, aerodynamicists, physicists and mathematicians. 
The organisation forms part of one of the largest engineering 
groups in the United Kingdom with many diverse products. 


HOUSING AND AMENITIES 


Assistance may be available to enable you to obtain housing. 
With the amenities of London }-1 hour by train you can 
live in Urban Areas, Country Towns a New Town or in 
the country. 


The amenities of the Division include Sports and Social 
Clubs with extensive grounds and a great variety of well- 
supported activities. 


ENQUIRIES 


We should be glad to hear from you. If interested please 
write in confidence to: 


Dr. D. A. Layne, Dept. CPS, 
Marconi House, 336/7 Strand, London W.C.2 
Quoting reference EEI316L 


ENGLISH ELECTRIC aemamamon 
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CHIEF ENGINEER 


Telecommunications 


Applications are invited from Engineers or Physicists 
at present occupying senior management posts for an 
appointment as Chief Engineer to the Telecommunica- 
tiens Division of a large public company in the London 
area. The Chief Engineer will be responsible to the 
Divisional Manager for the formulation and direction 
of development and design projects with particular 
reference to the application of semi-conductors, 
micro-miniature circuitry and solid state physics to 
telecommunications development. The responsibility 
will thus entail a continuous assessment of technical 
developments, product development and manu- 
facturing techniques in this field. 


Outstanding ability for technical planning and leader- 
ship is essential. 


The appointment will carry a high salary and member- 
ship of the Company Pension/Life Assurance scheme. 
But the main attraction is the scope for personal 
and professional advancement for a man able to take 
over a challenging post. 


Applications stating age, experience and qualifications to 
Box No. W3443 
(which will be treated in strictest confidence) 

















UNILEVER 


have vacancies for 


INSTRUMENT ENGINEERS 


Applicants should have adequate academic or pro- 
fessional qualifications in electrical engineering or 
physics and should have design experience in elec- 
tronics, process control or instrumentation. 


INSTRUMENT TECHNICIANS 


Applicants should have experience in the commission- 
ing and servicing of instruments and process control 
equipment. 


Applications giving details of training, qualifications 

and experience should be addressed to Head Office 

Staff Department (WF 40), Unilever House, Blackfriars, 
London, E.C.4. 














ENGLISH ELECTRIC COMPANY LIMITED 
WHETSTONE NR. LEICESTER 


has vacancies for an 


ELECTRONICS TECHNICIAN 


in the 


COUNTING LABORATORY 
of the 
ATOMIC POWER DIVISION 
The work includes development of nuclear particle detectors, appli- 


cation of isotopes to industrial hniq and r pr 
investigations. 


Applications, within the age limits of 23—30, should be of about O.N.C. 

to H.N.C. standard in Applied Physics with experience of electronics 

and in particular of pulse counting techniques. 

Please apply to Dept. C.P.S. Marconi House, 336/7 Strand, W.C.2, 
quoting reference EE1806D. 











RADAR DIVISION 


ELLIOTT BROTHERS (LONDON) LIMITED 


An immediate vacancy exists for a GRADUATE ENGINEER with 
experience of electronic development to work on new projects in the 
radar and fire control computer fields. 


Applicants must be prepared to accept responsibility and possess 
creative ability and a genuine interest in modern circuit techniques. 


Starting salary, according to age and experience, will be in the range 
of £900 to £1,250 per annum. 


Appli t hould send full details of qualificati and 


experience to the Personnel Manager (Ref: 089), Elstree Way, 
Borehamwood, Herts. 






































PHYSICS DIVISION 


ERICSSON RESEARCH 
AND DEVELOPMENT LABORATORIES 


have vacancies in the following categories 


1. Research Physicist 

This post requires a young, qualified and imaginative man to 
work on the electrical and physical assessment of new 
materials for electronic devices. 


2. Application Engineers and Physicists 

These positions require qualified men, preferably with 
experience in valve, semi-conductor or allied engineering 
industries. These men will constitute part of a small team 
which will concentrate its attention on the development of 
devices employing electro-luminescent, photo-conductor and 
ferro-electric techniques. 


This is a first class opportunity to do original investigation 
under ideal conditions in a new and expanding field of 
research. 


Attractive salaries will be paid according to experience and 
qualifications. 
Apply quoting Ref. PD/E| giving full details of 
background, etc., to:— 


THE PERSONNEL MANAGER 


ERICSSON TELEPHONES LTD. 


BEESTON - NOTTINGHAM - ENGLAND 
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SITUATIONS VACANT (Cont’d.) 


TO A FEW TOP-LEVEL MEN 


in the field of 


ELECTRONIC ENGINEERING 


JUNE 1959 


Over the years, Martin has been building toward a total electronics 
capability—creating the electronics system as an integral part of 
the machine. Today Martin’s commitments in this field require the 
time of one-third of all Martin engineering manpower. In keeping 
with the company’s rapid expansion—development and testing 
facilities at Martin are among the finest in the world. The concepts 
created by this team of man-and-machine include many projects 
of a highly technical nature. 

These projects require the talents of additional specialized 
scientists and engineers, in the fields of: 


research & development 
systems analysis 
circuitry design 


Scientists find individual freedom of action and individual 
responsibility at Martin . . . and the opportunity for personal 
advancement is excellent. 

If you feel qualified for the above positions, please send a 
complete resume by air mail to William Spangler, Manager, 
Professional Employment, Dept. EE-6, The Martin Company, 
Baltimore 3, Maryland, U.S.A. 


MVE £4 FEN 2 Rae 


SA 4. T1nhaaoReRm & .: US.A. 
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RADAR MATERIALS 


An expanding research establishment situated in pleasant 
surroundings in South Northants requires: 


PHYSICISTS 
CHEMISTS 
RESEARCH ENGINEERS 
TECHNICIANS 


to join a group working on the development and assessment 
of special materials for both transmission and absorption 
of microwave radiation. 


Investigations are being carried out involving the develop- 
ment of silicone, polyester, epoxy and other resins, natural 
and synthetic elastomers, and ferrites and ceramics with 
unique magnetic and dielectric properties over the frequency 
range 500—50,000 Mc/s. 


Candidates are required for theoretical studies on the 
propagation of electro-magnetic waves through solid media, 
and on the physical performance of suitable materials; for 
the development of electronic measuring techniques; and 
for investigations on the processing technology of materials 
to achieve the required properties. 


Recent and prospective graduates, graduates with industrial 
or university-postgraduate experience, and versatile tech- 
nicians are needed. Experience in this particular field is not, 
however, essential. Starting salaries are based on quali- 
fications and experience, and prospects for advancement 
lie either in research and development, or in supervising 
the introduction of projects into pilot and full-scale 
production. 


Apply to Box No. W3456, quoting as reference RADAR/8. 











Interstate Electronics Corporation 
ANAHEIM, CALIFORNIA, U.S.A. 


offers 


OUTSTANDING OPPORTUNITIES 


for 
TELEVISION ENGINEERS (28-40) 


The television requirements are an American equivalent 
to a B.Sc. degree with a minimum of one year’s experience 
in television design or industrial or broadcast television 
camera equipment. 


OR, four years’ experience in television design work 
in lieu of the degree, plus one year’s experience in television 
design or broadcast television camera equipment. 


OUR development work is well advanced beyond the 
present state of the art. Our growth in the electronics and 
television fields enables us to offer unequalled professional 
opportunities, outstanding working conditions and employee 
benefits. 





Anaheim is 34 miles from Los Angeles in the centre of 
the orange empire, and is in the heart of the Californian 
playground area with sunny beaches and snowy mountains 
equally accessible. 


If the applicant is accepted, travel expenses to the 
United States and Los Angeles will be paid. 


Write, giving full particulars of career and experience, to 
The Secretary, 


The Television Society, 166, Shaftesbury Avenue, London, 
W.C.2. 





LEO 
LEO COMPUTERS LIMITED 
DEVELOPMENT ENGINEER 


A vacancy exists in this rapidly expanding company 
for an Electronic Engineer to take part in the 
development of logical systems and circuits using 
the most advanced techniques. 


Experience of pulse circuits as applied to radar, 
television or computers is desirable but not 
essential. Candidates should possess qualifica- 
tions equivalent to a Ist or 2nd class honours 
degree. 

For engineers. showing initiative and inventive 
ability the prospects for advancement are excellent. 
The position is permanent and pensionable and 
will carry a good starting salary. 


Application forms together with a descriptive 
brochure may be obtained from: 


The Personnel Officer, 
LEO Computers Limited, 
Minerva Road, 
North Acton, N.W.10. 











HLECTRONIC DEVELOPMENT ENGINEERS 


An expansion of business is providing some excellent 
openings for electronic engineers in the Development 
Laboratories of 


MULLARD EQUIPMENT LIMITED 


We are looking in the main for young men or women who 
hold a Degree in Electrical Engineering or Physics or who 
have otherwise obtained graduate membership of the I.E.E. 
and who are at the stage in their career where they are 
capable of taking the kind of responsibility expected in the 
£1,000 to £1,400 per annum salary bracket. Candidates will 
also need to have had some sound experience related to one 
of the fields of activity mentioned below. Transistor circuit 
design knowledge is particularly desirable. 


REF. : 

L.M. 7/1 Industrial Control Equipment. 
Data Handling Equipment. 
Nuclear Reactor Instrumentation. 
Line Communication Equipment. 


L.M. 7/2 Microwave Equipment, including control 
systems for guided missiles and linear accelera- 
tors for medical therapy. 

L.M. 7/41 Electronic Instruments, including oscilloscopes 


and involving transistor pulse and amplifier 
circuits and pulse techniques. 


Write for application form to the 


Personnel Officer 


51-55 Garratt Lane, Wandsworth, S.W.18, quoting one 
of the above references. 
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INDEPENDENT TELEVISION 


FOR SOUTH WALES AND 


THE WEST OF ENGLAND 


TWWw 


invite applications for 
the following posts at 
their modern studios 


at Pontcanna, Cardiff 


SUPERVISORY 
MAINTENANCE ENGINEER 


Detailed knowledge of operational 
television engineering and design is 
necessary, and a University degree or 
equivalent qualification desirable. The 
successful applicant will be required to 
supervise installation and carry out 
a certain amount of development work. 
Salary from £1,680 


SENIOR 
MAINTENANCE ENGINEER 


Applicants should possess a first-class 
knowl dge of operational maintenance 
of television cameras, mixers, telecine 
and master control equipment. Prefer- 
ence will be given to those having 
technical qualifications and a good basic 
grounding in the electronic field. 
Salary from £1,470. 


TELECINE OPERATOR A 


Agood working knowledge of television 
equipment required together with a 
detailed understanding of vidicon and 
flying spot film scanners. A knowledge of 
film projection mechanisms, optics and 
general film handling etc. is very 
desirable. Salary from £997.10.0. 


Successful applicants will be eligible 
to join the Company's attractive pension 
scheme and will be expected to live in 
the Cardiff area. 


Applications should be addressed to: 


THE TECHNICAL CONTROLLER, 
TWW LIMITED 
187-193 OXFORD ST., LONDON, W.1 


and should give full details of age 
experience and qualifications 
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INDEPENDENT TELEVISION 
FOR SOUTH WALES AND 


THE WEST OF ENGLAND 


TWWw 


Applications are invited 
for the post of 
ENGINEER IN CHARGE 
of the new 

TWW BRISTOL 
TELEVISION CENTRE 


This post offers an experienced tele- 
vision engineer the opportunity to 
participate in an interesting new pro- 
ject. The studios will be built from the 
ground up and will be companion to 
those of the Company at Pontcanna. 
They will be the focus of the West of 
England operation of TWW. 


The Engineer in Charge will be requir- 
ed to take up permanent residence in 
the Bristol area, and the company will 
give consideration to any problems 
associated with removal of residence. 
Hewill be eligible to join the Company’s 
attractive pension scheme. 


Applicants must have a detailed know- 
ledge of operational television en- 
gineering. A knowledge of the organisa- 
tion and administration of a television 
programme company is essential, and 
a degree or equivalent qualification 
would be of advantage. 

Commencing salary, according to quali- 
fications, will range between £1,750 
and £2,000 per annum. 


Applications should be addressed to: 


THE TECHNICAL CONTROLLER 
TWW LIMITED 
187-192 OXFORD STREET LONDON W.1 


Full details should be given of age, 
experience and qualifications 
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ELECTRONIC 
ENGINEERS 


are required to specialise on, after training, Hollerith 
Computers installed, or to be installed in 


GREATER LONDON AREA 


The following training and experience is essential: 


1 Experience in the maintenance and servicing of Elec- 
tronic equipment (Pulse Techniques) either in Industry 
or H.M. Forces on Radar; in addition the ability to 
handle bench tools and to adjust fast-moving mechanisms 
is essential. 

2 Qualifications. At least Radio Ill, Telecommunications 
Ill and Maths Ill for City and Guilds or H.N.C. (Electrical 
or Electronics). Advanced G.C.E. in Maths and Physics 
with experience on Radar in H.M. Forces will also be 
considered. 


These are staff vacancies which offer :- 

(a) An attractive career 

(b) Retirement benefits 

(c) An excellent Sick Pay Scheme 
Applicants who have the training and experience set out 
above, and who are aged 24 to 32 years, are invited to write 
at once to:— 


Staff Manager FE/EE/3 
INTERNATIONAL COMPUTERS AND 
TABULATORS LIMITED 


149 Park Lane, London, W.|! 











SYSTEM ENGINEERING 


PHYSICISTS MATHEMATICIANS 
ELECTRONIC ENGINEERS 


Graduates are needed to reinforce the Weapon Systems 
Engineering Department. of ELLIOTT BROTHERS 
(LONDON) LIMITED at BOREHAMWOOD. They 
will study missile guidance and control systems and the 
application to their design of the most modern engineering 
techniques. Previous experience of analogue computing, 
servo systems or transistor applications would constitute an 
additional qualification, but above all we are looking for 
clear thinkers who want to see and take part in the practical 
realisation of their study and development work. 

Successful candidates can be assured of a profitable and 
fascinating future in the expanding Elliott-Automation 
organization, which is in the forefront of modern automatic 
control system development. 


Applications stating qualifications, experience and salary 
required should be addressed to the 
Personnel Manager (Ref: 087), 
Elstree Way, 
Borehamwood, Herts. 
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opportunities 


A young but progressive company in North London 
requires Electronic Engineers for Development and 
Technical Sales Liaison work and preferably having 
general rather than specialised experience. The successful 
candidates will be those, who in the Management’s 
opinion, are capable of accepting responsibility with a 
determination to ‘get the job done’ using imagination, 
hard work and individual initiative. For this type of man 
there is a splendid future in this expanding organisation. 


Write or telephone: 
M.P.E. (Finchley) Ltd. 
Dollis Mews, Dollis Park, London, N.3. 
Tel: FINchiey 8104/3783 




















SEMI-CONDUCTOR RESEARCH 


An expanding research establishment situated in pleasant 
surroundings in South Northants invites applications for 
the following :- 


I. SENIOR PHYSICIST or ENGINEER with research 
experience in the design of semi-conductor devices 
(e.g. transistors) to initiate a research programme on a 
new class of device. 


2. TECHNICIANS for work in this and related fields. 


Starting salary according to qualifications and experience. 


Please send full details to Box No. W3403 and quote as 
reference SEMICONDUCTOR’(8. 
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TRANSISTOR CIRCUIT ENGINEERS 
‘ENGLISH ELECTRIC’ 


require 


DEVELOPMENT ENGINEERS 


to apply transistor techniques to data processing and industrial control 
equipment at their new laboratories pleasantly located on the Staffs./ 
Cheshire border. Applicants should be of degree or equivalent standard 


and have had previous experience of transistor circuitry. 


Attractive pension and life assurance scheme, and unfurnished tenancy 
of recently built houses available after an initial period. 





Please apply with full details of qualificati and experience to 
Dept., C.P.S. Marconi House, 336/7 Strand, London, W.C.2. 
quoting reference EE306T. 
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RESEARCH GROUP 
OF 
MARCONI INSTRUMENTS 


A vacancy exists for a 


SENIOR ELECTRONICS ENGINEER 


of semi-conductor devices and general electronics. A University 
degree is essential and a good knowledge of physics is more important 
than specialised knowledge in the above fields. Candidates should be 
acquainted with modern techniques. 


Applicants with similar qualifications but only !-2 years’ experience 
will also be considered for less senior posts which afford good 
opportunities for independent research. The Company offers attractive 
salaries, pension and life-assurance schemes. 


Please write giving full details to Dept. C.P.S., Marconi House, 
336/7 Strand, W.C.2., quoting reference EE2970D. 
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DE HAVILLAND 








BLUE STREAK 


If you are between the ages of 25 and 35 years and believe that you 
have the qualifications and experience to take your place in teams 
engaged in preparing and firing the first large British rocket with space 
potentialities, then write to the Personnel Manager, de Havilland 
Propellers Led., Stevenage, Herts, quoting Reference STM.26. 


We are looking for both Senior and Junior Engineers of determination 
and spirit to fill posts in the following teams at Stevenage, Spadeadam 
and Australia. 


AUTOPILOT Engineers with a good knowledge of electronics and 
experienced in auto-pilot and electro hydraulic systems. Experience 
with semi-conductors would be valuable. 


TELEMETRY Electronic Engineers experienced in radio systems. 
A knowledge of telemetry is desirable. 


LINE INSTRUMENTATION Electro Mechanical Engineers with 
experience in galvanometers and pen recorders, tape recorders, 
transducers, etc. 


GUIDANCE Electronics Engineers with knowledge of complex 
— systems and computors. Optical experience would be 
valuable. 


PROPULSION Mechanical Engineers with knowledge of liquid 
propulsion systems and, if possible, rocket engines. Experience in the 
electrics controlling these systems would be advantageous. 





PROPELLERS 


offer 


LIMITED 





DEVELOPMENT 


Our Senior Engineers should have either: 
(a) An Engineering Degree, 
(b) H.N.C. or equivalent, 
(c) Membership of a recognised engi ing institute. 





Junior Engineers should have O.N.C. or equivalent qualifications. 


We are also keen to have ex-servicemen who have the necessary 
experience but who may perhaps lack the above qualifications. Their 
applications will be most carefully considered. 


We also require: 3 
SENIOR ENGINEERS for firing procedures and trials planning 
groups. General electrical and mechanical knowledge is essential and 
preference will be given to applicants experienced in the G.W. Trials 
Field. These vacancies are at Stevenage. 


SENIOR AND JUNIOR ENGINEERS who have experience in 
handling and interpreting data from missile trials. Applicants should 
possess a general knowledge of electrical and mechanical engineering, 
or alternatively, should have a meteorological or mathematical back- 
ground. Vacancies are mainly at Stevenage, although a few senior 
appointments are available in Australia. 


All letters of application are treated in the strictest confidence and any 


resultant interviews will be conducted on an informal basis. ‘ 
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We have an eye 
to the future... 


have you? 


Good sales representatives with a technical 
background are rare. Airmec wants them. 
We area rapidly expanding and progressive 


company, with a good name for service and \A7AA 






\ 


\ 


quality among users of electrical and e 
electronic apparatus. We are well known 
for research activities and ability to cope 
with special problems. If you are a man with a good technical 
education and experience in sales (your selling record need not be 
a long one if you have the right sort of education and personality) 
come along and have a talk about your future and ours with our 
Sales Manager, Mr. Ades. Write now for an appointment. 


Invests 
in People 


Wrortee 


AIRMEC LIMITED * HIGH WYCOMBE « BUCKS « Tel: High Wycombe 2060 








UNITED KINGDOM ATOMIC ENERGY AUTHORITY 
INDUSTRIAL GROUP 


INSTRUMENT MECHANICS 


Windscale and Calder Works, the Experimental Reactor 
Establishment at Dounreay and Chapelcross Works require 
experienced men with knowledge of electronic equipment 
and/or industrial instrumentation for fault diagnosis, repair 
and calibration of a wide range of instruments used in 
nuclear reactors, radiation laboratories and chemical plant. 
This interesting work involves the maintenance of instru- 
ments using pulse techniques, wide band low noise amplifiers, 
pulse amplitude analysers, counting circuits, television, and 
industrial instruments used for the measurement of pressure, 
temperature and flow. 


Men with Services, Industrial or Commercial background 
of radar, radio, television, industrial or aircraft instruments 
are invited to write for further information. Training in 
our Instrument School will be given to successful applicants. 


Married men living beyond daily travelling distance will 
be eligible for housing after a short period of waiting. 
Lodging allowance is payable during this period. Working 
conditions and promotions prospects are good. 


Applications to: 
Works Labour Manager, 
Windscale and Calder Works, 
Sellafield, 
Seascale, Cumberland. 


or 
Deputy Works Labour Manager, 
Dounreay Experimental Reactor Establishment, 
Thurso, Caithness, Scotland. 


or 
Labour Manager, 
Chapelcross Works, Annan, 
Dumfresshire, Scotland. 
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SITUATIONS VACANT (Cont’d.) 





GUIDED WEAPONS 


Division 





A. V. ROE & CO. LTD., 


have a number of vacancies in the Trials Department of their Weapons 
Research Division, Woodford, Cheshire, as follows: 


I. ENGINEERS to supervise trials teams working on guided 
missiles and to be responsible for servicing and final flight trials. 
Engineering background with H.N.C. and administrative experience. 
Services engineering officers retiring early would be considered. 
3 vacancies. 


2. MECHANICAL TECHNICIANS to work with engineers on 
the pre-flight testing and preparation of guided weapons. Candidates 
must have served a recognized apprenticeship and hold an H.N.C. or 
equivalent qualification. § vacancies. 


3. ELECTRONIC TECHNICIANS for development of missile 
instrumentation and ground equipment. An H.N.C. and at least 
2 years’ development experience required. 4 vacancies. 


4. ELECTRONIC TECHNICIANS to work in U.K. and Australia 
and to be responsible for all electronic aspects of missile pre-flight 
preparation. An H.N.C. and some industrial or service experience 
required. 2 vacancies. 


5. ELECTRICAL TECHNICIANS to work with Design Engineers 
on the development of missile monitoring equipment and the engineering 
of missile instrumentation systems. Candidates should hold an 
O.N.C.(Elec.). 9 vacancies. 


6. MECHANICAL TECHNICIANS to design, develop and 
manufacture prototype mechanical devices for missile instrumentation 
and iated test equip Applicants should hold an O.N.C. or 
equivalent and have served a recognized apprenticeship. 3 vacancies- 


a DRAUGHTSMEN with experience in work on Electro/Mechanical 
devices or in light mechanical engineering. An O.N.C. or equivalent 
qualification is necessary, 2 vacancies. 


8. ELECTRICAL DRAUGHTSMEN with experience in electrical 
layout and small-scale production requirements. An O.N.C.(Elec.) is 
required. 2 vacancies. 


9. LABORATORY ASSISTANTS (Mechanical & Electrical) 
to assist in development work on various guided weapons systems. 
Candidates should be studying to obtain an O.N.C. or equivalent 


Hig . 4 
q ions. 7 Vv 








The Division is situated in the Cheshire countryside, close to shops, on 
main bus routes and within easy reach of Manchester and the Derby- 
shire hills. Canteen and social facilities are provided and there is a 
Group Pension Scheme. 


Applications, quoting Reference No. WRD/HWL/R.84/E, should be 
addressed to: 


The Personnel Manager, 
A.V. ROE & CO. LIMITED, Greengate, Middleton, Manchester. 








ELLIOTT BROTHERS (LONDON) LIMITED 


SENIOR ELECTRONIC 
ESTIMATING ENGINEER 


is urgently required for our Computing Machine Division a¢ Boreham- 
wood, Herts 
The applicant should have had a wide experience of estimating for 
complete projects which contain electronic sub-assemblies in both 
small and medium batch quantities. It will be necessary for the successful 
applicant to work closely with Engineers and prepare estimates from 
sketches and verbal information. 


Applications should be addressed, in writing, to the:- 
Personnel Manager, (Ref: 088) 
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THE ENGLISH ELECTRIC COMPANY LIMITED 
(Guided Weapons Division) 


STEVENAGE, HERTS. 


S 

s 

S 

S 

S 
Vacancies exist within a Test Engineering Group for 2 

to work on the design and development of Electronic test equipment 
> 

Ss 

. 


for which previous experience of guidance, control or telemetry systems, 
or of associated test equipment is essential. 


The possession of a H.NC. or equivalent qualification is desirable 
although applicants with proved ability will also be considered 


SALAD LALA LSD DLL SL SS SSIS 


Housing assistance may be made available in certain cases after an 
initial waiting period. - 


Applications to be forwarded to Dept. C.P.S. Marconi House, 
336/7 Strand, W.C.2. quoting reference EE1306J. 
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PHYSICISTS 
and 
ELECTRICAL ENGINEERS 


Progressive positions are open to qualified people of degree 
standard for work on the development and manufacture 
of special electronic valves, cathode ray tubes and microwave 
devices. 


Training will be available for successful candidates who 
have not previously worked in this expanding field. 
Please write, quoting EE/2,:— 
Personnel Officer, 
M.O. VALVE CO. LTD., 
(A subsidiary of the G.E.C.) 
Brook Green, Hammersmith, W.6. 








ELECTRICAL ENGINEER 


Required to lead a small group which has an overall 
responsibility for the satisfactory operation of the 


POWER SYSTEMS 
OF AIR TO AIR MISSILES 


developed and manufactured by the Company. 


This group forms an important part of a large 
development organisation and can draw on a wide 
range of facilities from other sections within this 
organisation. 


Experimental programmes to investigate the funda- 
mental dynamic behaviour of power systems are 
undertaken by this group, and these may involve the 
production of experimental machines or other units. 


No detail design work is carried out, although the 
applicant should be capable of appreciating funda- 
mental mechanical design problems. 


Applications are invited from graduate engineers 
with an interest in the design of small electrical 
machines and some knowledge of servo theory and 
electronics, and should be addressed to: 


The Personnel Manager (Ref. 324), 
<—P)'E DE HAVILLAND PROPELLERS 











Elliott Brothers (London) Limited, saaclitens 
Elstree Way, Borehamwood, Herts. cod LIMITED, Hatfield, Herts. 
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SITUATIONS VACANT (Cont’d.) 





Regentone 


THE REGENTONE GROUP OF COMPANIES Offer 
opportunities to senior and junior engineers and 
draughtsmen in the laboratories of the manu- 
facturing division. 

Applicants should have experience in the fields 
listed below and be fully acquainted with modern 
techniques, including printed circuits. 


TELEVISION  F.R./I.F. development; General 
Circuit development, _ T.V. 
Tuners, Wide angle scanning, 
Synchronizing circuits, etc. 
RADIO General radio design; produc- 
tion engineering of radio 
receivers. 
DRAWING Mechanical development of 
OFFICE ‘adio and television apparatus; 
detail drawing circuit dia- 
grams, printed circuit masters 
and layouts. 


TEST Test equipment design and test 
EQUIPMENT 98°@r maintenance. 


These are permanent and progressive posts and offer 
excellent opportunities for interesting work and good 
remuneration in a modern and expanding concern. 
APPLY IN WRITING, stating age, experience and salary 
required, to TECHNICAL D1RECTOR, Regentone, Eastern 
Avenue West, Romford, Essex. 








SHOREHAM AIRPORT 
SHOREHAM-BY-SEA, 
SUSSEX 


MILES ELECTRONICS 
LIMITED 





MILES ELECTRONICS LTD. announce the following 
vacancies in their organisation: 
Design Engineers, both Senior and Intermediate, for electro- 
nic system design in connection with analogue computers 
and flight simulators. Possibility of advancement to Project 
Leader after acquiring the necessary experience. 
Test and Calibration Engineers for work on complex 
prototype electronic equipment of the above type. 


Write, giving full details, to The Chief Engineer, Miles 
Electronics Limited, Shoreham-by-Sea, Sussex. 











SIEMENS EDISON SWAN LIMITED 
RESEARCH LABORATORY 


Due to expansion of research activities in telecommunications there are 
vacancies for 


RESEARCH ENGINEERS, PHYSICISTS 
and MATHEMATICIANS 


(Senior, Junior and Assistant Posts) 


for interesting work concerned with new methods of communication 
and synthesis of active and passive networks. Please write for application 
form to: 
The Section Leader, Tel ications I1, Research 
Laboratory, 
SIEMENS EDISON SWAN LIMITED, 
Grotes Place, Blackheath, London, S.E.3. 











EE 10 250 for further details 
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EXTERNAL & INTERNAL 
MICROMETERS 


. 
HEIGHT 


GAUGES 






STANDARD 
MICROMETER HEADS 
MODIFIED AS 
REQUIRED 


SPECIAL 
MICROMETER HEADS 
MADE TO ORDER 


Catalogue Ayailable on Request 


SHARDLOW MICROMETERS LTD. 


P.O. BOX 52. 

PETRE STREET, SHEFFIELD, 4 
London Office:- W. J. Bithell Ltd., 41 Whitehall, London, S.W.1. 
Scottish Office:- 19 Waterloo Street, Glasgow, C.2. 

A MEMBER OF THE GAUGE AND TOOLMAKER ASSOCIATION 





EE 10251 for further details 


‘ SPINIATURE” 





PLUGS, SOCKETS, 
SUB-MINIATURE AND 


SOCKET STRIPS 


SPEAR ENGINEERING CO. LTD. 
WARLINGHAM + SURREY 
Tel: Upper Warlingham 2774 

















“A complete library 
in two volumes... .”° 


KEMPE’S vear-soox 
YEAR-BOOK 
Edited under the direction of the Editor of ‘The Engineer’’ 


1959 Edition price 82/6 (plus postage 2/6) 
from technical booksellers or direct from the publishers 


Kempe’s Engineers Year-Book, 28 Essex Street, Strand, 
London, W.C.2 Telephone: CENtral 6565 
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This photograph, reproduced by courtesy 
of The London Transport Executive, shows 
a “* Speedivac’’ 2M4 mercury diffusion 
pump evacuating a mercury arc rectifier 
at Leicester Square Sub-station. 


‘SPEEDIVAGC’ 
Miniature 


VAPOUR PUMPS 


Fit into 
Many 
Large-scale 


7 

Pro ects One of the outstanding features of this four-stage mercury diffusion pump 
is the fact that it can maintain a high vacuum performance using a moderate 
heater input against poor backing pressure, such as 30 torr. Thus it is 
possible to isolate the 2M4 from its backing pump for long periods or 
extensive use can be made of rough vacuum pumps for backing purposes. 
The 2M4 is therefore widely used for such applications as continuous 
pumping of mercury arc rectifiers (illustrated), gas sampling, where its 
high compression ratio is a great advantage, pumping chemical gases and 
vapours, evacuating systems containing secondary emission surfaces and 
the continuous pumping of receiver valves. 


EDWARDS HIGH VACUUM LTD., manor ROYAL, CRAWLEY, SUSSEX, ENGLAND Crawley |500 
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creating the right atmosphere 





transistor 
manufacture 


In the manufacture of transistors, Siemens Edison 
Swan Limited use a Birlec direct dehumidifier to 
maintain dry, dust-free conditions for the prepara- 
tion and final assembly of germanium wafers. 
Maintaining 10% relative humidity conditions, the 
direct dehumidifier ensures accurate grading of the 
wafers according to thickness, and perfect electrical 
contact between the wafers forming emitter, base, 


and collector in the transistor. 


B.3146/D/AC 
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Above : Drying germanium wafers in vacuum ovens 





Left : Grading germanium wafers prior to bling into tr s 


DRYER DIVISION OF 
BIRLEC 


ERDINGTON 


LIMITED 


AN A.E.l. COMPANY 
BIRMINGHAM: 24 





LONDON 
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SHEFFIELD - 
NEWCASTLE-ON-TYNE*- JOHANNESBURG 


DIRECT DEHUMIDIFIERS 


FOR AIR-CONDITIONING 





GLASGOW 
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Who wants a RUSH job? 
To be able to supply production capacity 
when a sudden demand arises is one of 
the ageless pleasures of our business— 
like finding you’ve money in the bank 
when you thought you were “‘in the red”’. 
Just such a pleasant experience came our 
way recently when a world-famous 
company asked our help in producing 
some electro-mechanical totalisator 
equipment wanted for installation in 
Canada by the time the racing season 
opened. By working through the Easter 
week-end and with much subsequent 
overtime, we made daily deliveries which 
enabled the main contractor to catch the 
boat with the complete job. 
It was very pleasant to feel that once again 
we had been able to supply a demand 
just when it was so urgently needed. 
TYPICAL WIRING for a totalisator installation. The 
icture shows back and front views of ‘‘group’’ panels, 
- ; g 
which are installed in the main control room. 
D.-approved sub-contractors 
‘“ 
BROXLEA PRODUCTS LIMITED PARK LANE, BROXBOURNE, HERTFORDSHIRE 
Phone: HODDESDON 4455 
EE 10 255 for further details 
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missiles... 
countered 

g Cannon 
ectors to 


sectors for the 
flame barrier 


Pot Military Specification 
rat a connector will carry 


2 of flame for twenty minutes while 
’ bjected to a flame of 2000°F. Cannon 
AN. < Connectors meet this specification. 

In addition to firewall plugs Cannon Electric 
has developed connectors that onerate conti:- 
uously up to 1000°F. Developmeuts are under 
way that will increase the tem; erature range. 
We would like to suggest that you will find it 
well worth your while to consu!t our engineer- 
ing personnel for full informatic on the new- 
est high temperature connectors available. 

For an interesting disctission of the 
broad subject of ‘' Reliability" write for 
Cannon Bulletin R-1. 


WHERE RELIABILITY IS 7 He Hth DIMENSION 


LECTRIC (Great Britain) LTD. 
ur eCreet, _tondon, W.1|. Tel: GER77/1-8 Cable: Cannonelec 
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